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ABSTRACT

Background: Skin ulcers and poor healing are serious problems in diabetic patients. Products of citrus herbal are promising in
new studies. Many benefits of hesperidin especially for cutaneous functions including skin healing have been demonstrated.
Aim of the Study: The aim of this work was to evaluate the possible healing effect of hesperidin on diabetic skin injury in
adult male albino rats.

Materials and Methods: Forty adult male albino rats were randomly divided into four equal groups (10 rats, each). Group
I: the control; group II: hesperidin; group III: untreated diabetic rats; and group IV, diabetic rats treated with hesperidin. Skin
specimens were obtained and processed for histological study using Hematoxylin and Eosin (H & E), Mallory trichrome
(M.T) and immunohistochemical study using vascular endothelial growth factor (VEGF) Electron microscopic examination
was done. Morphometric measurements of epidermal thickness and area percentage of collagen fibers were carried out
followed by statistical analysis.

Results: The untreated diabetic group showed incomplete closure and scab covering proliferating epidermis. Another area
of self- healed malformed skin revealed reepithelization with increased thickness of epidermis significantly. Epidermal cells
showed loss of polarity and in between hyaline material. The underlying dermis revealed a significantly increased disorganized
collagen fibers and massive inflammatory cells infiltration. Also, moderate VEGF immunoexpression was observed. Diabetic
skin treated with hesperidin revealed complete closure of the wounds with thin apparently normal epidermis. The underlying
dermis revealed normal amount of well-organized collagen fibers with few inflammatory cells infiltration and spaces between
collagen fibers. Strong positive VEGF immunoexpression was observed reflecting enhanced angiogenesis.

Conclusion: Diabetic skin injuries are healing badly in relatively prolonged time. Hesperidin can be used as an adjunctive or
alternative agent in diabetic wound giving good cosmetic results.
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INTRODUCTION cells produce new blood vessels!. However, increased
pro-inflammatory cytokines such as tumor necrosis
factor (TNF) and interleukin (IL-1) extend the phase of
inflammation leading to chronic injuries or formation of
hypertrophic scarl.

Diabetes mellitus is a serious metabolic disease that
influences more than 340 million persons and nearly 20% of
them suffer from diabetic skin wounds all over the world™.
Skin loss and poor wound healing are serious problems in

diabetic patients®® and form a considerable load to health Diabetic wounds usually recover slowly and return
care systems worldwidel*. frequently, not only resulting in a rise in the medical care
L . cost but also decreasing the life quality of diabetic patients
Wound healing is a complex process characterized by a . g
. . seriouslyt.
series of separate and overlapped steps such as clot formation,
inflammation, proliferation and remodeling phases®. After The worldwide rise in the prevalence of DM boosts
injury, inflammatory cells are inducted and produce various the search for solutions to prevent it as well as counter the
growth factors, cytokines and chemokines, which in turn development and progression of its complications, such as
stimulate local habitant cells (keratinocytes, fibroblasts, and ulcers and delayed wound healing”.

endothelial cells) to migrate, proliferate, and make a spot of
vascularized connective tissue thereby closing the wound.
Although keratinocytes are the main cells responsible for
wound re-epithelialization, dermal fibroblasts supply the
matrix for keratinocytes to migrate over and endothelial

Hesperidin  (hesperetin-7-rhamnoglucoside) is a
bioflavonoid found in citrus fruits such as tangerine, orange,
and lemon as well as in plant extracts as tea and olive oil.
The highest concentrations of hesperidin are present in citrus
fruit peels®. Hesperidin has been stated to be antibacterial,
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antiviral, anti-inflammatory and analgesic in many studies®.
In addition to its antidiabetic effects, new researches have
detected many benefits of hesperidin for skin, as wound
healing, Ultra-Violet protection, anticancerous and skin
lightening. Moreover, hesperidin improves epidermal
homeostasis in normal skin whether young or aged®.

Since the existing standard treatments for the diabetic
wounds in clinics have not reached the favorable results,
we insistently need more efficient therapeutic approaches to
accelerate diabetic wound healing in a good cosmetic way.
Therefore, the aim of this study was to evaluate the possible
healing effect of hesperidin on diabetic skin wound in adult
male albino rats using histological and immunohistochemical
techniques.

MATERIALS AND METHODS

Animals

This study was carried out on 40 adult male albino rats
weighing 200-250 g.

Animals were housed in clean properly ventilated cages,
fed on a standard laboratory diet, and maintained on al2-h
light/dark photoperiod in the animal house of the Faculty of
Medicine, Menoufia University, Shebin el Kom, Menoufia,
Egypt. This experiment was done according to the Animal
Care and Ethical Committee Guidelines of the Faculty of
Medicine, Menoufia University.

Drugs

Hesperidin and streptozotocin powder forms were
purchased from Sigma Chemicals Co., St. Louis, MO, USA.
They stored at 2-4 °C.

Rats were randomly divided into four equal groups

e Group I (Control group): included 10 rats which
then subdivided equally into:

o group la (5 rats):
water.

received only food and

e group Ib (5 rats): received an equal volume of
vehicle i.p. (0.05 M citrate buffer).

*  Group II (Hesperidin): included 10 rats that received
aqueous suspension of hesperidin (50 mg/kg) orally
for 30 days!'".

*  Group III (Untreated diabetic): included 10 rats
with induced diabetes followed by incised wound
on the same day of confirmation of diabetes, then
left untreated for 30 days.

*  Group IV (Diabetic treated with hesperidin):
included 10 diabetic rats that underwent the same
procedure as group III. But after the wound incision,
hesperidin was applied for the same dose and
duration as group II.

Induction of diabetes

Induced diabetes in groups III and IV was done by
streptozotocin (STZ) powder. Rats turned diabetic by a

single intra-peritoneal (i.p.) injection of STZ (40 mg/kg body
weight) dissolved in 1ml of 0.05 M citrate buffer PH 4.50',

Rats injected by streptozotocin were allowed to drink
10 % glucose solution 24 hours following injection to
overcome drug induced hypoglycemial'’!. Rats were screened
for blood glucose levels after seven days following STZ
injection. The blood samples were collected from the tail vein
and blood glucose levels were measured using OneTouch
Ultra Easy blood glucose meter (Johnson & Johnson, New
Brunswick, NJ, USA). Rats with a blood glucose level over
16.7 mmol/L were considered as diabetes-induced rats!'%.

The wound model

Rats of groups III and IV underwent general
anesthesia using pentobarbital (45 mg/kg body weight)
intraperitoneally!’>! Then, the dorsal hair was shaved and
lcm diameter full thickness skin excision was generated in
the mid back region using disposable scalpel. The wounds
were then cleaned with povidone—iodine.

All rats were sacrificed 24 h after the last dose of
hesperidin. Animals were anesthetized via inhalation ether
(2 ml) for approximately 2 min in a transparent acrylic jarl'.
Skin specimens were dissected out and perfused with cold
saline, then prepared for light and electron microscopic
examination.

A- Light microscope study

Skin specimens were fixed in 10% formalin and
processed in the usual way to obtain the ordinary paraffin
blocks. Sections of 4pm thick were cut and subjected to the
following studies.

1. Histological examination: using Hematoxylin and
eosin (H & E) stain and Mallory trichrome (M.T.)
for collagen detection!'®l.

2. Immunohistochemical examination: Anti-vascular
endothelial growth factor (VEGF) staining was
performed. Endogenous peroxidase was inactivated
by incubation in 3% hydrogen peroxide. Slides
were incubated overnight at 4°C with rabbit anti-
VEGF antibody (1:500 dilutions) (Pharminagen,
Mississauga, Canada). The antibody was diluted
in 0.01 mol/L phosphate buffered saline (PBS) pH
7.5, containing 20 g/L bovine serum albumin and
1 g/L sodium azide (100 L/tissue section). Goat
anti-rabbit IgG (1:100 dilution) (Vector Laboratories,
Burlingame, CA) was used as secondary antibody.
Tissue sections were counter-stained with
hematoxylin!'7..

B- Electron microscope study

Tissue samples from 4 rats were randomly chosen in
each group. Small biopsies from the skins of the sacrificed
animals were excised rapidly (within 1 min) and trimmed
into about 1x1 mm? pieces. Then fixed in 2.5% buffered
glutaraldehyde, processed and then embedded in epoxy resin
by routine protocol. Preparation of ultrathin grids was done

145



ROLE OF PHOENIX DACTYLIFERA L. ON TESTIS

by staining with uranyl acetate and lead citrate and then
examined by electron microscope. Grids were examined
with the transmission electron microscope (Seo-Russia) in
Tanta E.M Center, Faculty of Medicine, Tanta University!'®],

C- Histomorphometrical study

Measurements of epidermis and dermis were done from
six different fields from six serial stained sections of all
animals of each group. All measurements were taken using
the image analyzer (Leica Q 500 MC program, Wentzler,
Germany) in the Anatomy Department, Faculty of Medicine,
Menoufia University.

1. Total thickness of epidermis in H&E stained sections

2. Area percentage of collagen fibers in dermis in M. T.
stained sections.

Statistical study

Morphometric data were statistically analyzed using
SPSS (Statistical Package for the Social Sciences) program,
version 17, (IBM Corporation, Somers, New York, USA).
The data was presented as mean = SEM (standard error of
mean). The mean of each group was compared with that of
the others using one-way analysis of variance (ANOVA) then
“Turkey” post hoc test. When P value was < 0.05, results
were considered significant!",

RESULTS

Light microscopic results
Histological examination

* Hematoxylin and Eosin staining

Sections of the skin of the control group (Ia and Ib)
revealed the normal histological architecture of the skin. The
skin consisted of epidermis and dermis with apparent dermo-
epidermal junction. The epidermis arranged into four layers
of keratinocytes which consisted of stratified squamous
keratinized epithelium. The stratum basal consisted of low
columnar cells with oval nuclei and rested on the basement
membrane. The stratum spinosum was next to basal layer
which consisted of polyhedral cells with central rounded
vesicular nuclei and followed by the spindle shaped cells of
stratum granulosum with basophilic keratohyalin granules.
Finally, the stratum corneum consisted of several layers
of flattened non-nucleated keratinized cells. The dermis
consisted of outer papillary layer and inner reticular layer. The
outer papillary layer of the dermis showed mainly connective
tissue cells, whereas the inner reticular layer of the dermis
composed of a denser connective tissue rich in fibers. The
dermis contained hair follicles with the associated sebaceous
glands (Figures 1, 2). Sections of the skin of hisperidin treated
group (II) showed a picture similar to the control (Figure 3).
The untreated diabetic rats (group III) showed loss parts of
skin (epidermis and dermis). The partially lost skin (wound)
was covered by irregular scab. Scab formed of blood cells
and fibrin to prevent further dehydration of the healing skin
underneath and to protect it from infections. The epidermis
proliferated forming epidermal tongue between the two

edges of the wound. This area showed also disruption of the
underlying dermis (Figure 4). The self-healed part of the
wound revealed re-epithelization with very thick epidermis
and thickened keratin layer. Although the epidermis was
completely formed, it was malformed and very thick. There
was an apparent increase in the number of epidermal cells
(hyperplasia) with hypertrophy of its cells especially stratum
granuolosum. Moreover, the cells of stratum granuolosum
demonstrated numerous and coarse basophilic keratohyalin
granules (Figures 5, 6, 7). The epidermal cells showed loss
of polarity (Figures 8, 9) and surrounding by an eosinophilic
hyaline material (Figure 9). Also, some nuclei of the
epidermal cells had perinuclear halos which was normal
appearance of non-keratinocytes (Figure7). The underlying
dermis revealed disorganized collagen fibers with massive
inflammatory cells infiltration. Many hair follicles with
absence of the associated sebaceous glands were observed
in the dermis (Figures 5-8). Hyperplasia and proliferation
of some hair follicles cells as a source of stem cells called
follicular bulge was noticed in some sections (Figure 5). There
were wide spaces (Figures 4, 8) and few blood capillaries in
the dermis (Figures 4, 8, 10). In group IV, H & E picture
revealed complete closure of the wounds in all sections.
There was complete re-epithelization with apparently normal
epithelium. The epidermis appeared thin with flattening
of the dermo -epidermal junction. The underlying dermis
revealed well organized collagen fibers with newly formed
blood capillaries reflecting the occurrence of angiogenesis.
Also, the dermis had hair follicles and sebaceous glands
with few inflammatory cell infiltration and spaces between
collagen fibers were still present (Figure 11).

* Mallory's trichrome staining

M.T. stained sections of the skin from the control
and hisperidin treated groups (Groups I and II) revealed
collagen fibers as thin interlacing bundles in papillary
dermis but those of reticular dermis were coarse wavy
(Figures 12,13). The untreated diabetic rats in group III
revealed a great amount of collagen fibers in the dermis
which appeared more dense, thicker, wavy and disorganized
(Figures 14, 15). Moreover, some collagen fibers were
seen inside the epidermis surrounded by epidermal cells
(Figure 15). Group IV revealed a picture nearly similar to
the control group (Figure 16).

Immunohistochemical examination
Vascular endothelial growth factor (VEGF) staining

In the control and hesperidin treated groups
(Groups I and II), VEGF immunoreactivity was mild positive
in the superficial layers of keratinocytes, in the external
root sheath of hair follicles and in few cells of the dermis
(Figures 17, 18). The untreated diabetic rats in group III
revealed moderate positive immunoreactivity for VEGF in
keratinocytes and some cells of the dermis (Figures 19, 20)
and in external root sheath of hair follicles (Figure 20). While
the diabetic rats treated with hesperidin (group IV) revealed
very strong positive immunoreactivity in keratinocytes, in
external root sheath of hair follicles and many cells of the
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dermis reflecting enhanced angiogenesis (Figure 21).
Electron microscopic results

Ultrathin sections of the skin of the control and
hesperidin treated groups (group Ia & Ib and II) revealed
that it consisted of epidermis and dermis. The epidermis
consisted mainly of four different layers of keratinocytes;
stratum basal, spinosum, granulosum and corneum. The
cells of St. basal were columnar in shape having regular
oval euchromatic nuclei with prominent nucleoli, rested
on continuous basement membrane and connected with
it by hemidesmosomes. Their cytoplasm contained
many mitochondria, intermediate keratin filaments and
melanosomes (Figures 22, 26). The cells of St. spinosum
had euchromatic nuclei and bundles of tonofilaments in the
cytoplasm. These cells were connected together by intact
desmosomal junctions (Figures 23, 27). The cells of stratum
granulosum had oval euchromatic nuclei and filled with
variable sized electron dense keratohyalin granules. The St.
corneum formed of regular lamellae of keratin. The stratum
corneum-stratum granulosum interface showed multiple lipid
lamellae (Figures 24, 28). The dermis had spindle-shaped
fibroblasts containing euchromatic elongated nuclei with
peripheral heterochromatin. In addition, regularly arranged
collagen bundles were seen in the dermis (Figures 25, 29).
Ultrathin sections of the untreated diabetic skin of group III
showed the self-healed part of the skin with its epidermal and
dermal layers. The epidermis appeared thickened formed of
four layers. The St. basal demonstrated basal columnar cells
resting on a discontinuous basement membrane. These cells
had irregular nuclei with abundant keratin filaments in the
cytoplasm. Also, their cytoplasm contained electron-lucent
cytoplasmic vacuoles most probably swollen mitochondria
with destroyed cristae. Cells appeared with dilatation
of the intercellular spaces and loss of cellular junctions
this allowed the cells to migrate to cover edges of the
wound (Figure 30). The cells of stratum spinosum showed
different degrees of degeneration. Some cells appeared with
hyperchromatic shrunken nuclei surrounded by electron pale
area. These cells revealed many tonofilament bundles, some
of filaments appeared fragmented and condensed. Moreover,
irregular desmosomal junctions between the cells with
widening of intercellular space were noticed (Figure 31).
The cells of the stratum granulosum appeared with abundant
and enlarged keratohyalin granules (hyper-granulosis).
The nuclei of these cells appeared hyperchromatic with
numerous indentations. The stratum corneum appeared
thickened and disrupted with multiple lamellae of keratin
(Figure 32). The underlying papillary dermis contained
excessive amount of disorganized collagen fibers. The
dermis showed excessive inflammatory cells as macrophage
and fibroblasts (Figures 33, 34). Some macrophages had
irregular surface with few protrusions and indentations
(pseudopodia). It could be inflammatory monocyte-derived
macrophage which is polarized toward macrophage 1 (M1).
They could also undergo in situ phenotype conversion
to become tissue-resident macrophage 2 in its attempt
of healing. Their heterochromatic nuclei were kidney

shape. Their cytoplasm contained numerous lysosomes
(Figure 33). Numerous active fibroblasts were located in
the dermis. They appeared with cytoplasmic processes
containing dilated cisternae of rough endoplasmic reticulum
(Figure 34). Also, the dermis of group III revealed
myofibroblast cells with characteristic features. These cells
showed intracytoplasmic microfilaments peripherally which
arranged parallel to the axis of the cell, many indentations
and deep folds of the nucleus that give indirect evidence of
contraction (Figure 34). Ultrathin sections of the diabetic
skin treated with hesperidin showed the newly formed
epidermis covering the wound area. The epidermal cells had
ultrastructural features nearly similar to those of the control
group but small intracellular vacuolations were still seen
(Figures 35-37). The underlying dermis showed regularly
arranged collagen fibers, fibroblasts with some dilated rough
endoplasmic reticulum and myofibroblasts infiltration still
present (Figures 38, 39).

Morphometric and Statistical Results
1- Epidermal thickness

The mean epidermal thickness of rats of group I showed
non-significant difference (P>0.05) when compared with that
of the control group. The untreated diabetic rats of group III
showed a highly significant increase (P<0.001) in the mean
epidermal thickness of self-healed area when compared
with the control group. However, the diabetic rats treated
with hesperidin of group IV showed a significant decrease
(P<0.05) in the epidermal thickness when compared with the
control (Table 1, Histogram 1).

2- Percentage area of collagen fibers

The mean percentage area of collagen fibers of rats in
group I showed non-significant difference (P>0.05) when
compared with that of the control group. The untreated
diabetic rats of group III showed a highly significant
increase (P<0.001) in the percentage area of collagen fibers
when compared with the control group. However, hesperidin
treated diabetic rats of group IV showed a non-significant
difference (P>0.05) in the percentage area of collagen fibers
when compared with the control (Table 1, Histogram 2).

Fig. 1: A photomicrograph of a section in a rat skin of the control group
(group 1) showing the epidermis (E) and the underlying dermis with its
papillary (P) , reticular layers (R) and apparent dermo-epidermal junction
(arrow). Note : the hair follicles (F) and accompanying sebaceous glands

(S). H&E, x 100.
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Fig. 2: A photomicrograph of a section in a rat skin of the control group
(group I) showing the layers of the epidermis: The stratum basal (B) with
low columnar basal cells and oval nuclei resting on basal lamina (*), the
stratum spinosum (S) with polyhedral cells and rounded central vesicular
nuclei, the stratum granulosum (G) with spindle shaped cells containing
deeply basophilic keratohyalin granules and the stratum corneum (K)
formed of many layers of flattened non-nucleated keratinized cells. The
dermis (D) contains many connective tissue cells and fibers. The cells
have spindle shaped nuclei (arrows). Note: blood capillaries (Bc) in the
dermis. The inset shows mitosis and two new cells in the stratum basal
(short arrow). H&E, x 400, inset x 1000.

Fig. 3: A photomicrograph of a section in a rat skin of the hesperidin
treated group (group 1I) showing a picture similar to the control group
with normal appearance of the epidermis (E) and underlying dermis (D).
Note: the hair follicles (F) and accompanying sebaceous glands (S). H&E,
% 100.

Fig. 4: A photomicrograph of a section in untreated diabetic skin wound
of group III showing lost part of epidermis (arrow) covered by irregular
scab (*). The creeping epidermis (E) proliferates forming epidermal
tongue between the two edges of the wound covered by irregular keratin
(K). There is diffuse and massive infiltration with inflammatory cells (I)
and few blood capillaries (Bc) in the dermis. Reduced thickness of hair
follicle layers (F) is observed. Notice: disorganized collagen fibers in the
dermis (Cf) and wide space in between (short arrow) are seen. H &E X
200

Fig. 5: A photomicrograph of a section in untreated diabetic skin wound
of group III showing a part of the wound area with re-epithelization.
The epidermis (E) appears continuous and very thick. There is marked
inflammatory cell infiltration (I) in the dermis. Many hair follicles (F)
with absence of associated sebaceous glands are observed. Notice:
increased cellular proliferation (hyperplasia) of some hair follicles as
follicular bulge (arrow). H &E X 100

Fig. 6: A higher magnification of the previous section showing increased cellular proliferation of epidermis (arrow) with thick keratin layer (K). There is

apparent hypertrophy of the cells of stratum granuolosum (G). Hair follicles (F) with absence of associated sebaceous glands are seen. The inset shows
numerous and coarse basophilic keratohyalin granules of cells of stratum granuolosum (short arrow). H &E X 400, inset x 1000
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Fig. 7: A photomicrograph of a section in a diabetic skin wound of group
IIT showing continuous epidermis. The epidermis (E) appears very thick.
Some cells (non keratinocytes) appear with perinuclear halos (arrow).
The cells of stratum granuolosum (G) with its granules and irregular
dermis (D) contained degenerated hair follicles (F) are seen. H &E X 400

Fig. 8: A photomicrograph of a section in a diabetic skin wound of group
11T showing a part of the self-healed epidermis (E) appearing malformed.
The epidermis has an abnormal shape with the epidermal cells showing
loss of polarity and invasion of keratin (K) between epidermal cells.
Inflammatory cell infiltration (I) is seen in the underlying dermis (D).
Wide spaces (short arrow) and few blood capillaries (Bc) are also seen in
dermis. H &E X 200

Fig. 9: A photomicrograph of a section in a diabetic skin wound of group
IIT showing a part of the healed epidermis (E) appearing malformed.
The epidermis has an abnormal shape with the epidermal cells showing
loss of polarity and surrounded by an eosinophilic hyaline material (¥).
Inflammatory cell infiltration (I) is seen in the underlying dermis (‘D). H
&E X 400

Fig. 10: A photomicrograph of a section in a diabetic skin wound of group
IIT showing an area of the healed wound with thick abnormal epidermis
(E). The underlying dermis (D) appears dense with massive infiltration
with inflammatory cells (I) appearing in patches with few capillaries (Bc).
Some fat cells are observed in the dermis (arrows) around hair follicles
(F). H &E X 200

epidermis (E ) with flattening of the dermo-epidermal junction (arrow). In the dermis(D) newly formed blood capillaries (Bc), hair follicles (F) and sebaceous
glands (S) are observed. Note: little inflammatory cell infiltration (I) and few spaces ( short arrow) are still seen. H &E X 200
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Fig. 12: A photomicrograph of a section in a rat skin of the control group
(group 1) showing the collagen fibers in the papillary (P) dermis appear as
thin interlacing bundles whereas those in the reticular dermis (R) appear
as coarse, wavy bundles. [Mallory's trichrome X 200]

: "5\‘“‘? "
" mf“; ‘: e 'E.{

Fig. 13: A photomicrograph of a section in a rat skin of the hesperidin
treated group (group II) showing the collagen fiber content of dermis
which appear similar to those of the control group. [ Mallory's trichrome
X 200]

[14]

Fig. 14: A photomicrograph of a section in a diabetic skin wound of
group III showing great amount of collagen fibers in the dermis (D) which
appear more dense, thicker, wavy and disorganized when compared with
those of the control group. Epidermal loss is seen (arrow). [ Mallory's
trichrome X 200]

Fig. 15: A photomicrograph of a section in a diabetic skin wound of
group III showing great amount of collagen fibers in the dermis (D) which
appear more dense, thicker, wavy and disorganized when compared with
those of the control group. Some collagen fibers (arrow) are seen inside
the epidermis surrounded by epidermal cells. [Mallory's trichrome X 200]

k|

Fig. 16: A photomicrograph of a section in a diabetic skin wound treated
with hesperidin (group IV) showing the collagen fibers of the dermis (D)
which appear nearly similar to those of the control group. [ Mallory's
trichrome X 200 ]

Fig. 17: A photomicrograph of a section in a rat skin of the control group
(I) showing mild positive cytoplasmic immunoreactivity for vascular
endothelial growth factor (VEGF) in the superficial layers of keratinocytes
of epidermis (short arrow), in external root sheath of the hair follicles (*)
and in some cells of the dermis (arrow). (VEGF x 200)
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Fig. 18: A photomicrograph of a section in a rat skin of the hesperidin
treated group (group II) showing mild positive cytoplasmic
immunoreactivity for VEGF in the superficial layers of keratinocytes of
epidermis (short arrow), in external root of the sheath of hair follicles (*)
and in some cells of the dermis (arrow). (VEGF x 200)

Fig. 19: A photomicrograph of a section in a diabetic skin wound of group
111 showing moderate positive cytoplasmic immunoreactivity for VEGF
in keratinocytes (short arrow) and few cells of the dermis (arrow). (VEGF

Fig. 20: A photomicrograph of a section in a diabetic skin wound of group
11T showing moderate positive cytoplasmic immunoreactivity for VEGF
in keratinocytes (short arrow ), in external root sheath of hair follicles (*)
and few cells of the dermis (arrow). (VEGF x 200)

Fig. 21: A photomicrograph of a section in a diabetic skin wound treated
with hesperidin of group IV showing very strong positive cytoplasmic
immunoreactivity for VEGF in keratinocytes (short arrow), in the
external root sheath of hair follicles (*) and many cells of the dermis
(arrow). (VEGF x 200)
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Fig. 22: An ultrathin section of control group (I) showing the stratum
basale of the epidermis consisting of columnar basal cells arranged parallel
to each other and resting on continuous basement membrane (arrow).
They have regular euchromatic oval nuclei (N) with prominent nucleoli
(nu) and their cytoplasm contains many mitochondria (M), intermediate
keratin filaments (short arrow) and melanosomes (Ms). Collagen fibers
are seen in dermis (Cf). Mag X 1500 Inset: hemidesmosome (*) is seen.
Mag X 2000
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Fig. 23: An ultrathin section of control group (I) showing the stratum
spinosum of the epidermis consisting of polygonal cells with oval
euchromatic nuclei (N), prominent nucleolus (Nu) and bundles of
tonofilaments in the cytoplasm (short arrow). Intact desmosomal junctions
(arrow) between the spinous cells are observed. Mag X 2000
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Fig. 24: An ultrathin section of control group (I) showing cells of stratum
granulosum filled with variable sized electron dense keratohyalin granules
(arrows). Their nuclei (N) are oval and euchromatic. The st. corneum
contains regular lamellae of keratin (K). The stratum corneum-stratum
granulosum interface shows multiple lipid lamellae (L1). MagX1500
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Fig. 25: An ultrathin section of the control group (I) showing spindle-
shaped fibroblasts (F) having euchromatic elongated nuclei with
peripheral heterochromatin. Bundles of regular collagen fibers (Cf) are
seen surrounding the cells. One fibroblast (arrow) is observed in the
process of releasing tropocollagen into the extracellular matrix. Mag X
2000
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Fig. 26: An ultrathin section of hesperidin treated group (II) showing
columnar basal cell with regular euchromatic oval nucleus (N). The
cytoplasm contains mitochondria (M), intermediate keratin filaments
(short arrow) and melanosomes (Ms). Note: regular basement membrane
(arrow) with hemidesmosome (Ds) and organized collagen fibers (Cf) in
dermis Mag X 1500
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Fig. 27: An ultrathin section of a hesperidin treated group (II) showing
the stratum spinosum of the epidermis consisting of spinous cells with
oval nuclei (N), nucleolus (Nu), bundles of tonofilaments (short arrow)
and intact desmosomal junctions (arrow). MagX1500
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Fig. 28: An ultrathin section of a hesperidin treated group (II) showing
cells of stratum granulosum with keratohyalin granules (arrow), nuclei

(N), keratin (K) and lipid layer (LI). MagX1500
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Fig. 29: An ultrathin section of the hesperidin treated group (II) showing
fibroblast (F) and regular bundles of collagen fibers (Cf). Mag X 2500
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Fig. 30: An ultrathin section in untreated diabetic skin wound of group III
showing the cells of the stratum basal with dilatation of the intercellular
spaces and loss of cellular junctions (double head arrow). The cells
rest on a discontinuous basement membrane (arrow). Their cytoplasm
contains abundant keratin filaments (short arrow), irregular nucleus(N),
melanosome granules (Ms) and electron-lucent cytoplasmic vacuoles
(V). The underlying dermis contains excessive amount of disorganized
collagen fibers (Cf). Mag X 1500
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Fig. 31: An ultrathin section in untreated diabetic skin wound of group
III showing a degenerated spinous cell with hyperchromatic shrunken
irregular nucleus (N) surrounded by electron-pale area. The cytoplasm
contains many tonofilament bundles some of which appear fragmented
and condensed (short arrow). Irregular desmosmal junctions (arrow) with
the widening of intercellular space. Mag X 1500
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Fig. 32: An ultrathin section in untreated diabetic skin wound of group
III showing the cells of stratum granulosum with abundant and enlarged
keratohyalin granules (arrow). Their nuclei (N) appears hyperchromatic
with numerous indentations. Disrupted thickened stratum corneum (K) is
observed. Mag X 1500

25.tif
Print Mag: 8780x @7.0 in
TEM Mode: Tmaging

2 microns
HV=2000.0kV
Direct Mag: 1500x

Fig. 33: An ultrathin section in untreated diabetic skin wound of group III
showing macrophage in the dermis. The cell has a characteristic irregular
surface with protrusions and indentations (arrow). Its nucleus (N) is
kidney shape with heterochromatin. The cytoplasm contains numerous
lysosomes (Ly). Irregular bundles of collagen fibers (Cf) are seen in the
dermis. Mag X 1500
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Fig. 34: An ultrathin section in untreated diabetic skin wound of group
III showing a fibroblast (F) compressed by fluid accumulation with
elongated euchromatic nucleus. Another fibroblast has numerous dilated
cisternae of rough endoplasmic reticulum (*). Myofibroblast (arrow) with
its characteristic features is observed. It shows intracytoplasmic bundles
of microfilaments (Mf) arranged peripherally in parallel to the axis of
the cell, numerous nuclear indentations and deep folds (short arrow).
Disorganized collagen fibers (Cf) are observed in dermis. Magx 1500
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Fig. 35: An ultrathin section of diabetic skin wound treated with hesperidin
of group IV showing columnar basal cell with regular euchromatic oval
nucleus (N). The cytoplasm contains mitochondria (M), intermediate
keratin filaments (short arrow) and melanosomes (Ms). Regular basement
membrane (arrow), intercellular junctions (*) and organized collagen
fibers (Cf) in dermis are seen. Note: small vacuoles (V) are still seen.
Mag X 2500
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Fig. 36: An ultrathin section in diabetic skin wound treated with hesperidin
of group 1V showing spinous cells with oval nuclei (N), nucleolus (Nu),
bundles of tonofilaments (short arrow) and intact desmosomal junctions
(arrow). Note: small vacuoles(V) are still seen. MagX2500
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Fig. 37: An ultrathin section of a diabetic skin wound treated with
hesperidin of group IV showing cells of $tratum granulosum with
keratohyalin granules (arrow), nuclei (N), keratin (K) and lipid layer (LI).
Note: small vacuoles(V) are still seen MagX1500
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Fig. 38: An ultrathin section of a diabetic skin wound treated with
hesperidin of group IV showing active fibroblast (F) with cytoplasmic
processes (arrow). The cytoplasm shows few dilated rough endoplasmic
reticulum (*) The nucleus shows indentations (short arrow). Bundles of
regularly arranged collagen fibers (Cf) are seen beside the cell, some of
which have been cut in cross section and thus appear as small dots (double
head arrow). Mag X 2000
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Fig. 39: An ultrathin section in diabetic skin wound treated with hesperidin of group IV showing two myofibroblast cells (arrows)with characteristics features. The
cells show intracytoplasmic microfilaments (Mf) and numerous nuclear indentations and deep folds (short arrows). Regularly arranged collagen fibers are observed

(Cf). Mag X 1500

Table 1: The epidermal thickness and the percentage area of collagen fibers in the control and experimental groups

Group I Group II Group III Group IV P.value
‘ . (P1>0.05)"
Epidermal Thickness (jum) 29.37+2.80 32.03+3.15 123.73£24.67 24.25+3.05 (P2<0.001)"**
Mean + SD M
(P3<0.05)
(P1>0.05)’
Percentage area of collagen fibers 49.75%6.85 51.8547.28 67.08+£9.38 47.086.58 (P2<0.001)""
Mean = SD M
(P3>0.05)

P1: Group I VS Group II
* Non-significant (P> 0.05)

P2: Group I VS Group IIT
** Significant (P<0.05)

P3: Group I VS Group IV
*** Highly significant (P<0.001)
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Histogram 1: The mean epidermal thickness in the control and

experimental groups

%

Area percentage of Collagen fibers

Histogram 2: The mean area% of collagen fibers in the control and
experimental groups
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DISCUSSION

Delayed or malformed wound healing is a multifactorial
complication in diabetic patients resulting in severe stress
and morbidity??.

There is a complicated sequence for skin repair which
included clot formation, inflammation, proliferation and
remodeling. Many cytokines and angiogenic factors are
included in healing process®!l.

Delayed malformed healing of skin in diabetic patients
may be due to combined factors as: elevated blood sugar,
decreased insulin and growth hormone levels, diminished
flow of blood, disorganized cell membrane permeability,
abnormal collagen synthesis, increased reactive oxygen
species (ROS) and apoptosis???.

Several mechanisms are included in malformed delayed
skin healing in diabetes: (i) disturbed angiogenesis due
to failure of formation of new blood vessels leading to
poor oxygenation and nutritional supply. (ii) prolonged
inflammation phase caused by inhibited immune system (iii)
damage of extracellular matrix (ECM) by specific enzymes
as matrix metalloproteases (MMPs) and (iv) elevated
oxidative stress due to increasing free radicals in addition to
decreasing levels of antioxidants'?!,

Skin injuries in diabetic patient are still a challenge.
Hence, there is an urgent need for more efficient therapy
and restoration of skin function with good cosmetic results.
Efficient therapy has to display impact through more than
one mechanism of healing®”. So, we have investigated the
effects of hesperidin in STZ-induced diabetic ulcer.

Untreated diabetic rats in group III showed loss parts of
skin (epidermis and dermis). The partially lost skin (wound)
was covered by irregular scab. Scab formed of blood cells
and fibrin to prevent further dehydration of the healing skin
underneath and to protect it from infections. The epidermis
proliferated forming epidermal tongue between the two
edges of the wound. These findings were explained by
previous study which stated that disturbances in the functions
of inflammatory cells (migration and phagocytosis), release
of lytic proteases, increased production of reactive oxygen
species and apoptosis. Also, diminished entrance of new
blood vessels into the wound area leaded to further limitation
of inflammatory cells functions!*.

In this study, although the epidermis was lost in some
areas of skin of group III but it was completely malformed
and thickened in other area due to increased cellular
proliferation. These findings were previously mentioned in
study discussed self- healed diabetic ulcer with acanthosis
and hyperkeratosi*®®*). This could be explained by release of
proinflammatory cytokines like prostaglandins, leukotrienes,
and interleukins®. Also, there was marked hypertrophy of
the cells of stratum granuolosum with numerous and coarse
basophilic keratohyalin granules. It may be a trial of tissue
healing by release of growth factors to stimulate proliferation
and migration of keratinocytes, fibroblast and macrophages
cells into the injured area. This result was in agreement

with previously published study®”. Also, this finding was in
harmony with statistical result that showed high significant
increase of epidermal thickness in this group.

In support to our results, some researches added that
epidermis of chronic wounds such as diabetic ulcers
characterized by hyperproliferative epidermis as a result of
overactivation and overexpression®.

In addition, some epidermal cells had loss of polarity
and surrounded by an eosinophilic hyaline material. It may
be due to the rate of healing in diabetic wound may be
decreased due to elevated levels of TNF-a and IL-6. These
were in harmony with pervious study®”.

The underlying dermis revealed disorganized collagen
fibers and increased spaces between collagen fibers with
invasion with inflammatory cells, these were in accordance
with pervious research®. In confirmation to these results,
the abnormalities in the formation of collagen protein at the
wound area made healing process delayed and abnormal®”,

The malformed healing in untreated diabetic group may
be connected with an elevated number of inflammatory cells
and absence of new blood vessels™®!. Neoangiogenic and
granulating tissue were scarcely encountered in the diabetic
ulcers®!. Also, absent new blood vessels were proved to
occur during wound healing to trigger the formation of a
blood clot causing hemostasis’!.

Moreover, delayed malformed healing could be due
to disturbance of oxygen concentration as a result of
atherosclerosis in diabetic patients®”.,

Stem cells which presents in stem cell niches, regulate the
proliferative activity of keratinocytes. There are three major
niches: bulge of the hair follicle, the base of the sebaceous
gland, and the basal layer of the epidermis!**.

A pervious study added that stem cells have an
essential role in regeneration of skin injuries but stem cells
are deficient in diabetic patients so resulted in delayed
malformed healing®®y. Also, another study recorded that
adipocyte were activated during skin wound healing. They
added that in skin wound healing, adipocyte proliferation is
associated with fibroblast migration. They concluded that
adipocytes are essential for fibroblast stimulation and skin
rebuilding. So, fat cells are important as stem cells during
wound healing®?. This was in harmony with our study that
detected the appearance of fat cells around hair follicles in
group III.

Many hair follicles with absence of the associated
sebaceous glands were observed in the dermis of group III.
These were in accordance with a pervious study®l. It was
explained by that vascular congestion in the dermis caused
by vasodilator substances and the resulted stagnant blood
will cause tissue hypoxia followed by degeneration of the
hair follicles, sweat and sebaceous glands. Also, loss of the
sympathetic tone could be the cause of disturbances in the
vascular structure and function, especially capillaries leading
to local ischemia and consequent decrease of the blood
flow and nutrition to the tissues®. Although, hyperplasia
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of some hair follicles cells was noticed in some sections in
group III and this was in agreement with a pervious study!?”
that explained this by its action as source of stem cells called
follicular bulge.

The untreated diabetic rats stained with Mallory trichrome
in group III revealed great amount of collagen fibers in
dermis which appeared dense, thick, wavy and disorganized
and this was in agreement with high significant raise in
statistical study. Moreover, some collagen fibers were seen
inside the epidermis. These findings were in harmony with
a former research®! that detected hypertrophic dermis with
a greater degree of fibrosis in the diabetic ulcer. It could be
explained as a compensatory attempt to overcome the skin
impairment by initial deposition of disorganized collagen
filling the wound gap®¥. These results were in harmony with
E.M. findings in group III and confirmed by former study.

The untreated diabetic rats in group IIl revealed moderate
positive immunoreactivity for VEGF in keratinocytes, in
external root sheath of hair follicles and few cells of the
dermis. Former studies confirmed that the inadequate raise
in VEGF levels in diabetic tissue resulted from hypoxia®.
It added that VEGF is essential for repair during impaired
healing in diabetic and non-diabetic ischemia and VEGF
blocking with neutralizing antibodies delays tissue repair,
Also, in support to our results, it was reported that VEGF
is an angiogenetic factor that promote angiogenesis and
revascularization®*. It is produced by many cells such as
keratinocytes, macrophages and fibroblasts and it is very
essential for effective wound healing!'!l.

Disturbed VEGF level results in increased activity of gap
junction. This stimulates apoptotic, pro-inflammatory, and
toxic signaling pathways from damaged area to surrounding
healthy area via gap junctions that generate further healing
impairment®”.

Ultrathin sections of the untreated diabetic skin of
group III showed the malformed healed part of the wound.
The epidermis appeared thick in some areas especially
stratum granulosum appeared with abundant and enlarged
keratohyalin granules (hypergranulosis). The stratum
corneum appeared with multiple disrupted lamellae of
keratin. The cells revealed many tonofilament bundles and
some filaments appeared fragmented and condensed. These
EM results were in harmony with previously published
research® which explained that by hyperstimulation of the
keratinocytes to cover the injured bed and get back barrier
function in the skin.

Also, their cytoplasm contained electron-lucent
cytoplasmic vacuoles most probably swollen mitochondria
with destroyed cristae. These results were in agreements
with previously published research®® which stated that
oxidative mitochondrial swelling may cause damage of the
outer mitochondrial membrane and release of cytochrome
C to activate the Proapoptotic Bax protein which stimulate
apoptosis. So, some epidermal cells appeared with
hyperchromatic shrunken irregular nuclei. Also, epidermal
cells appeared resting on a discontinuous basement

membrane and it could be explained by apoptosis?®. In
addition, these degenerative changes in keratinocytes could
be explained by ischemia due to diabetes*!.

Group III showed an abundance of dilated cisternae
of rough endoplasmic reticulum of fibroblasts. This could
be degenerative features due to oxidative stress by ROS
[26]. Other cells in group III appeared with dilatation of
the intercellular spaces and disrupted cellular junctions It
could be explained as disrupted junctions are a necessary
to decrease the adhesion between cells and allowing
keratinocytes to migrate in an attempt of healing!® %,

Also, the dermis showed massive infiltration with
inflammatory cells as macrophage and active fibroblasts.
This finding was in in harmony with the results of previously
published research®). In support to our results, it was
confirmed that the fibroblasts proliferate and secrete many
extracellular matrix proteins®°l,

They added that excessive deposition of collagen fibers
by fibroblasts occurs due to chronic inflammatory reaction.
Moreover, they have been suggested that macrophages
may release fibroblast chemotactic factors leading to more
fibroblast proliferation and more collagen deposition?®!,

At present, the knowledge of macrophage subpopulations
is still growing as they are necessary in controlling
infectious processes, but their presence is also necessary
to maintain homeostasis. They are distinguished into M1
and M2 macrophages up till now. The M1 macrophages
are characterized by the generation of high levels of pro-
inflammatory cytokines and antimicrobial functions.
In contrast, M2 macrophages are characterized by their
involvement in tissue remodelling and immune regulation.
So, in chronic lesion as diabetic ulcer M1 may convert to M2
in an attempt of healing!®*).

Also, the dermis revealed myofibroblast cells with
characteristic features. The fibroblasts and myofibroblasts
have an essential role to produce an organized network of
collagen fibers and other ECM proteins®. Early during
wound healing, fibroblasts proliferate and differentiate
to myofibroblasts, these happen due to mechanical stress
and cytokines especially transforming growth factor-p,
This transformation results in increased collagen synthesis
and contraction of edges of wound. Myofibroblasts could
stimulate endothelial cells proliferation®”. Healing of
injured tissue could be disorganized because myofibroblasts
precipitate too much amounts of ECM protein as collagen in
the form of fibrosist*7.

Group IV revealed complete closure of the injuries in
all sections. There was complete re-epithelization with
apparently normal epithelium. The epidermis appeared thin
with flattening of the dermo-epidermal junction as match
with statistical result that showed significant decrease in
epidermal thickness of this group when compared with
control. This was in harmony with pervious study®” then it
added that hesperidin decreases blood sugar level, stimulates
fibroblasts proliferation and enhances angiogenesis and this
may fasten the healing of diabetic wound.
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The underlying dermis of group IV revealed well
organized fibers with newly formed blood vessels reflecting
the occurrence of angiogenesis and vasculogenesis. Also,
the dermis had hair follicles and sebaceous glands nearly
similar to control. These were in accordance with pervious
research®? which explained that by decreasing of cytokines
as TNF-a and IL-6 and thus increasing wound healing and
added that only hesperidin acts on more than one healing
mechanism.

Also, neovascularization observed in group IV was
attributed to the significantly increased amounts of ANG-
1 (angiopoietin) and vascular endothelial growth factor
in the wounds, which is very important in stimulating
endothelial cell proliferation, migration, and organization
into tubulest*39.

In our study, the diabetic rats were left for 30 days then
specimens were taken. This duration was recorded because
of 30 days post wound were needed for full differentiation of
the newly formed epidermis!'!). Matrix formation progresses
more slowly and the process of keratinocyte differentiation
appears to occur at the same time of the dermal closure.
This has ensured good quality of wound healing regaining
strength and elasticity of the skinl!'!.

In Group IV, the dermal collagen fibers appeared well
organized and nearly normal in amount by Mallory stain.
These were in agreement with pervious study®” which
explained this improvement by antioxidant effects of
hesperidin®.

Group IV revealed very strong positive immunoreactivity
of VEGF in keratinocytes, in external root sheath of
hair follicles and many cells of the dermis. This could be
explained by that hesperidin can stimulate VEGF genel"!,
VEGEF is known as the most dynamic and special growth
factor that controls angiogenesis*). Also, in support to
our results, some studies added that VEGF has role in
enhancement of skin injuries in diabetic mice which is
mediated via stimulation and recruitment of endothelial
bone marrow-derived progenitor cells™. In addition, VEGF
increases epithelialization and collagen deposition and
enhances cellular proliferation!*?,

Ultrathin sections of the diabetic skin treated with
hesperidin showed the newly formed epidermis covering
the injured area. The epidermal cells had ultrastructural
features nearly like those of the control group. This was in
agreement with previous research® which confirmed that
hesperidin extends an antioxidant effect through scavenging
free radicals or via stimulating cellular antioxidant enzyme
systems.

The underlying dermis in group IV showed regularly
arranged collagen fibers and active fibroblasts this could
be explained by that hesperidin can lower cytokine
productiont'”. But few numbers of inflammatory cells
infiltration and spaces are still present.

CONCLUSION

Histological examination of wound model in diabetic
rats reveal that skin injuries are healing badly in relatively
prolonged time. Hesperidin has an effective cosmetic
healing effects on injured skin. So, hesperidin can be used as
an adjunctive or alternative agent in wound healing therapies
in future. However, further studies are certainly needed to
spot more light on the healing mechanism of hesperidin.
Therefore, the application of hesperidin treatment raises the
hopes for developing a new, safe and effective therapy for
diabetic ulcer patients.

RECOMMENDATION

»  Usage of hesperidin for more prolonged time to
achieve full remodelling of the epidermis and
dermis.

»  Usage of different concentrations of hesperidin and
compare their results.
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