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ABSTRACT

Background: Injectable dermal fillers became more popular for improving skin contour defects such as wrinkles, lines, and
depressed acne scars.

Aim of the work: This work aimed to study different skin changes induced by dermal filler injection in adult and aged albino
rat.

Material and Methods: Forty five female albino rats were used. The animals were divided into three groups: Group I
(Control): Included twenty adult rats. Group II: Included fifteen adult rats, they received an injection of 0.1 ml of hyaluronic
acid (HA). The animals were subdivided into three subgroups according to time of sacrification , five rats each: Subgroup Ila:
after 7 days. Subgroup IIb: after 60 days. Subgroup Ilc: after 90 days. Group III: Included ten aged rats, they were subdivided
into two subgroups, five rats each: Subgroup Illa: (Control aged group). Subgroup IlIb: the rats were given an injection of
HA and were sacrificed after 30 days.

Results:Thin skin of HA injected animals revealed significant (< 0.05) increase in the thickness of subcutaneous tissue (SC)
and significant increase in collagen and elastic fibers, and significant increase in the CD34 positive endothelial cells as
compared to control and aged rats. Active fibroblasts at the site of injection showing euchromatic nuclei. Their cytoplasm
contained well developed rER, numerous mitochondria, many vesicles, and centrioles.

Conclusion: Hyaluronic acid filler injection stimulated vascularization and enhanced fibroblasts to synthesize collgen and
elastic fibers in SC. This protected the skin from aging features in adults,and play a role in improvement of skin defects in
aged rats.
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INTRODUCTION boosting was considered a new indication for clinical use
of injectable cross-linked HA gels™. The fillers were found
to be beneficial for various age demographics including
young adults for enhancement of youthful features, middle-
aged adults for early prevention and volume restoration,
and older individuals for delay and maintenance of age-
related symptoms®.

A youthful face is characterized by smoothness,
balance, fullness, and absence of facial wrinkles or lines.
One of the most visible signs of skin alterations in aging
process is facial wrinkles. The majority of approaches
intending to reverse signs of skin-aging target the treatment
of wrinkles. As aging continues, the subcutaneous fat pads

shrink, leading to loss of the structural support which in The dermal fillers were used as a non-surgical
turn creates sagging of the overlying skin. Loss of the procedure to correct deficient or aesthetically detracting
facial volume beneath the skin (e.g. subcutaneous fat, facial features. Historically, these fillers consisted of
muscle) was considered to be the major contributor to the autologous fat, silicone, poly-tetrafluoroethylene, poly-
appearance of advanced age!'l. methylmethacralate, calcium hydroxyapatite, polylactic

i (4]
Dermal fillers are widely used for skin rejuvenation. acid, or hydrogel™.

Due to their efficacy and safety, HA based fillers had In recent years, injectable dermal fillers have challenged
become a “gold” standard and the commonest type of the use of invasive surgical procedures. Based on a survey
fillers currently used. These fillers started to be utilized conducted by the International Society of Aesthetic Plastic
for three dimensional volumization, compensating for Surgery, there were more than eleven million non-surgical
age-associated volume loss. Restoration of extracellular procedures performed worldwide in 2013, and more than
scaffold, stimulating formation of younger components of three million involved resorbable fillers. Non-permanent
the skin by injectable cross-linked HA, provided a possible dermal fillers were used for filling of rhytides and folds,
explanation of the mechanism of skin rejuvenation. Skin and correction of soft-tissue loss caused by disease or age.
Personal non-commercial use only. EJH copyright © 2019. All rights served DOI: 10.21608/ejh.2019.6548.1051
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These non-permanent fillers provided volume restoration,
with minimal downtime, favorable safety profile, and rapid
and reproducible results. According to the statistics of the
American Society for Aesthetic Plastic Surgery, more than
1.6 million HA filler procedures were performed in 2014
in the United States, making it the second most frequently
used nonsurgical esthetic procedure after botulinum
toxin®,

MATERIAL AND METHODS

Animals

Forty five female albino rats were used in this study.
The animals included thirty five adult rats (6-8 months)
of average weight 150-200 grams and ten aged rats (one
year) of average weight 250-300 grams. All animals were
purchased and maintained in Medical Research Center, Ain
Shams University with free access to water and standard
rat chow for the period of experiment. They were housed
in plastic cages with mesh wired covers.

Products

DERMAFILL- is a monophasic fourth generation
injectable filler based on hyaluronic acid of non-animal
origin and biodegradable. It was purchased from (SBS-
MED, France)

Animal groups
The rats were divided into three main groups

Group I (Control): Included twenty adult rats, five
rats served as a negative control (received nothing). Fifteen
rats were injected subcutaneously with equivalent volumes
of normal saline. They were classified into three equal
subgroups and sacrificed at the corresponding time with
the rats of subgroups Ila, IIb and Ilc.

Group II: Included fifteen adult rats. They received a
single subcutaneous injection of 0.1 ml HA® at right flank
region. The animals were subdivided into three subgroups,
five rats each:

¢ Subgroup Ila: the animals were sacrificed after 7
days.

e Subgroup IIb: the rats were sacrificed after 60
days.

*  Subgroup Ilc: they were sacrificed after 90 days.

Group III: Included ten aged rats. They were further
subdivided into two subgroups, five rats each:

Subgroup Illa: the rats received a single subcutaneous
injection of equivalent volume of normal saline at right
flank region. They were sacrificed after 30 days.

Subgroup IIIb: the rats were given a single subcutaneous
injection of HA as in group II. They were sacrificed after
30 days.

Preparation of tissues

At the end of the experiment, all rats in each group

were anaesthetized by intravenous injection of thiopental
sodium in a dose 57.8 mg/kg (lethal dose)!”. Skin areas
about two cm?2 were obtained from a fixed part from right
flank region, and divided into small pieces. The pieces
were washed with distilled water to remove debris. Then
the skin was processed for light and electron microscope
examination.

Histological and immunohistochemical studies

Paraffin sections of 5 um thick were obtained
and stained with Hematoxylin and Eosin to show the
histological structurest® and Masson's trichrome stain’®! to
detect collagen fibers. Verhoeff-Van Gieson Stain was used
to detect elastic fibers® . Immuno histochemical staining
was also used for detection of transmembrane protein
CD34class II of endothelial cells!.

Transmission Electron Microscopical (TEM) study'®

Small pieces of thin skin were rapidly fixed and then
processed for transmission electron microscopic study
(TEM). Specimens were examined and photographed with
JEOL- 1010 Transmission electron microscope, made in
Japan, at EM unit at the Regional Center of Mycology and
Biotechnology, Al-Azhar University, Cairo, Egypt.

Morphometric and Statistical study

The total thickness of the epidermis, dermis and the
subcutaneous tissue was measured by using the LEICA Q
win Image Analyzer. Area percentages of collagen fibers,
clastic fibers as well as the area occupied by CD34 class
II transmembrane protein of endothelial cells of blood
vessels were also measured in the subcutaneous tissue. All
these parameters were measured in 5 fields per slide. Five
slides were used for each animal. The mean parameters for
each animal were calculated.

ANOVA-one-way analysis was used to compare these
parameters. Statistical analysis was performed with the
SPSS computer program (version 20). Differences were
considered significant when the P value was < 0.05 and
non-significant when the P value was > 0.05. Values were
expressed as mean + SD.

RESULTS
I-Histological results
1.H& E-stained sections

Examination of H&E stained sections of thin skin
of adult albino rats of control group revealed that the
skin was formed of epidermis, dermis and subcutaneous
tissue (Fig. 1a). The epidermis was composed of stratified
squamous keratinized epithelium. The keratinocytes were
arranged in four layers, stratum basale, stratum spinosum,
stratum granulosum and stratum corneum (Fig.1b). The
dermis was composed of an outer papillary layer and an
inner reticular layer. It appeared to contain hair follicles,
sebaceous glands and collagen fibers. The subcutaneous
tissue, under the dermis was formed of superficial layer of
adipose tissue, deep layer of loose connective tissue and
band of muscle fibers inbetween(Fig.1a).
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The skin of rats of subgroup Ila (scarified 7 days after
HA injection), showed that the epidermis and dermis were
comparable to the control group. An apparent increase
in the thickness of subcutaneous tissue was noticed
(Fig. 2a). Homogenous basophilic areas of fluid
accumulation indicating the site of HA injection with few
thin collagen fibrils inbetween (Fig. 2b).

More obvious increase in the thickness of subcutaneous
tissue and collagen fibers around homogenous basophilic
areas the of injected HA was also noticed in rats of subgroup
IIb (animals scarified 60 days after HA). Numerous blood
capillaries were also detected in the subcutaneous tissue of
the skin of these rats (Figs .3a and 3b).

The skin of animals which were scarified 90 days after
HA injection (subgroup Ilc) showed that the two layers
of the dermis, papillary and reticular layers contained
thick, closely packed collagen fibers. The subcutaneous
tissue showed obvious increase in thickness . fluid spaces
and (Fig.4a). Numerous blood vessels of different sizes
were also detected at the subcutaneous tissue. Noticed
also abscence of fluid spaces and decrease in thickness of
subcutaneous tissue compared with previous group Ila and
IIb (Fig.4b).

Thin skin of rats of subgroup Illa (control aged
group rats), showed focal areas of discontinuation and
disorganization of the epidermal cells were observed
(Fig. 5a). The epidermal cells appeared distorted.
Diorganized collagen and hair follicles and loss of
collagen fibers in the dermis were detected (Fig.5b). Focal
areas of mononuclear cellular infiltration were also seen
in the dermis (Fig.5c). Disorganized epidermis with focal
loss of cells with apparent reduction of the epidermal
thickness were detected .Wide empty spaces were also
noticed between the distorted collagen fibers in the dermis
(Fig .5d).

Examination of the skin of senile rats, injected with HA
and sacrificed after 30 days, revealed that the epidermis
and dermis were nearly similar to the picture seen in the
control adult rats. An apparent increase in the thickness
of the subcutaneous tissue was obvious in comparison
with that of rats of subgroup Illa (Fig.6a). The epidermis
appeared to be formed of the four usual layers, stratum
basale, stratum spinosum, stratum granulosum and stratum
corneum (Fig.6b).

2. Masson's trichrome-stained sections

Masson trichrome stained sections of the control group
revealed that the papillary dermis contained fine interlacing
collagen fibers just below the epidermis. Deeper dense
and thick wavy collagen bundles appeared in the reticular
dermis. The subcutaneous tissue contained fine collagen
fibers and thin sheets of skeletal muscle fibers (Fig.7). An
apparent increase in collagen fibers of subcutaneous layer
was seen in rats of subgroup Ila, (animals sacrificed 7
days after HA) (Fig .8). More obvious increase in collagen
fibers in the dermis as well as in the subcutaneous layer

was also detected in the skin of rats of subgroup IIb which
sacrificed 60 days after HA injection (Fig .9). Closely
packed thick collagen fibers forming a continuous layer
in the subcutaneous tissue were noticed in animals that
received HA and sacrificed after 90 days (Fig .10).

The skin of control aged rats (Subgroup Illa), showed
disorganization of these collagen fibers in both papillary
and reticular layers of the dermis with spaces of collagen
fibers loss inbetween were seen (Fig .11). Whereas, in aged
rats which were injected with HA and sacrificed after 30
days, (Subgroup IIIb) closely packed collagen fibers were
observed in the dermis (Fig .12).

3. Verhoeff Van-Gieason -stained sections

Examination of these sections of control rats showed
short branched thin elastic fibers in the subcutaneous region
of the skin of the control rats (Fig.13). Long branched
parallel elastic fibers were detected in the subcutaneous
region at the site of injection in rats of both subgroups
ITa and IIb (Figs.14 and 15) which were sacrificed after 7
days and 60 days respectively. Whereas, branched elastic
fibers were seen in the subcutaneous region of rats of
subgroup Ilc (Fig .16).

The subcutaneous tissue of the control aged rats
(subgroup IIla) showed few faint elastic fibers in the dermis
and hardly detected in the S.C tissue. Empty spaces were
also observed between these fibres (Fig. 17). Whereas, the
subcutaneous tissue of the senile rats injected with HA
(subgroup IIIb) showed branched elastic fibers in their
subcutaneous region (Fig .18).

II- Immunohistochemical results

Immunohistochemical staining for CD34 in control rats
revealed faint positive reaction for CD34 in the endothelium
of blood capillaries of the subcutaneous tissue (Fig.19). An
apparent increase in the positive reaction for CD34 was
detected in the endothelium of blood capillaries of rats of
subgroups Ila (Fig .20) as well as in rats of subgroup IIb
(Fig .21).

Strong extensive brownish positive reaction for CD34
antibody in the endothelium of blood vessels of rats of
subgroup Ilc (Fig .22).

The endothelium of blood capillaries of the control
senile group (subgroup Illa) showed faint reaction for
CD34 (Fig .23). An apparent increase in the positive
immune reaction for CD34 antibody was seen in the
endothelium of the numerous blood vessels of senile rats
injected with HA (subgroup I1Ib) (Fig .24).

III-Electron microscopic results:

Electron microscopic examination of dermis and
subcutaneous tissue of rat's thin skin sections from the
control group showed inactive fibroblasts with elongated
nucleus and few organelles in the cytoplasm. Regularly
arranged collagen fibers surrounding the fibroblasts were
also seen (Fig. 25). In rats of subgroup Ila, the cytoplasm
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of the immature fibroblasts appeared to contain numerous
mitochondria, many vesicles, well developed rough
endoplasmic reticulum and two centrioles. Collagen fibers
were regularly arranged in bundles. They showed the
characteristic axial periodicity (Figs.26). Examination of
the skin of rats of both subgroups I1b and Ilc revealed that
the active fibroblasts appeared with euchromatic nuclei.
Their cytoplasm showed numerous dilated cisternae of
well-developed rough endoplasmic reticulum which
contained homogenous material of synthesized protein.
The collagen fibers were regularly arranged surrounding
the fibroblasts. The fibers appeared with their characteristic
axial periodicity (Figs.27 and 28). Notcied that active
fibroblast was compressed by fluid accumulation (Fig.28).

Examination of the skin of aged control rats (subgroup
[la) revealed that some connective tissue inactive
fibroblasts showed small shrunken nuclei with irregular
nuclear membrane and small cytoplasm. Abnormal
chromatin distribution of their nuclei was also detected.
Their cytoplasmic organelles could be hardly identified.
Few widely disperesed irregularly arranged collagen
fibers were also observed (Fig .29). Connective tissue
of this group showed also inflammatory cells (Fig .30).
In rats of subgroup IIIb (senile rats sacrificed 30 days
after HA injection), the fibroblasts in the dermis were
surrounded by the regularly arranged collagen fibers. The
nuclei of the active fibroblasts appeared with irregular
nuclear membrane. Numerous mitochondria and rough
endoplasmic reticulum were detected in their cytoplasm.
Filopodia were extended from the cell surface to the nearby
collagen fibers (Fig .31).

IV-Morphometric and Statistical Results
The total thickness of the epidermis and dermis

Non-significant changes were detected in the total
epidermal and dermal thickness in rats of subgroups Ila,
IIb, IIc and subgroup IIIb as compared to that of control
group (P>0.05). A significant reduction was observed
in senile rats of subgroup Illa when compared to that of
control rats (group I) (»p<0.05). A significant increase
was seen in rats of the subgroup IIIb (p<0.05) when
compared to that of senile animals of subgroup Illa
(Table 1 and Histograms 1 and 2).

The total thickness of the subcutaneous tissue

A significant increase in the total thickness of the
subcutaneous tissue was observed in animals of subgroup
ITa, IIb, IIc in comparison to that of the control group
(group I) (p<0.05). The highest peak of the total thickness
was detected in rats of subgroup Ila. A significant
increase in was observed in animals of subgroup IIIb
when compared to that of senile animals of subgroup Illa
(p<0.05) (Table 1 and Histogram 3).

Area percentage of collagen fibers

A significant increase in the area percentage of the
collagen fibers was detected in rats of subgroup Ila,

IIb, Ilc in comparison to that of the control animals
(group I) (p<0.05). A significant reduction was also
noticed in senile rats of subgroup Illa when compared
to that of the control animals (group 1) (p<0.05). A
significant increase was detected in rats of subgroup I1Ib in
comparison to that of the animals of subgroup Illa (p<0.05)
(Table 1 and Histogram 4).

Area percentage of elastic fibers

A significant increase in the area percentage of
elastic fibers was detected in rats of subgroup Ila, IIb,
IIc in comparison to that of the control animals (groupl)
(p<0.05). A significant reduction was also noticed in
senile rats of subgroup Illa when compared to that of the
control animals (group I) (p<0.05). A significant increase
was detected in rats of subgroup IIlIb in comparison
to that of the control animals (group I) (p<0.05)
(Table 1 and Histogram 5).

Area percentage of CD34

A significant increase in the area percentage occupied
by CD34 was detected in rats of subgroup Ila, IIb, Ilc
in comparison to that of the control animals (group I)
(p<0.05). A significant reduction was also noticed in
senile rats of subgroup Illa when compared to that of the
control animals (group I) (p<0.05). A significant increase
was detected in rats of subgroup IIlb in comparison
to that of the control animals (group I) (p<0.05)
(Table 1 and Histogram 6).

Fig.1a: A photomicrograph of a section in rat’s thin skin of group I
showing the two layers of the skin, the epidermis (E) and the dermis (D).
The dermis shows an outer papillary layer (P), an inner reticular layer (R)
and hair follicles(H).The subcutaneous tissue contains superficial layer
of adipose tissue (A),deep layer of loose connective tissue and band of
muscle fibers (M) in between. (Control group I H&E x 40)
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Fig.1b: Higher magnification showing the layers of the epidermis and Fig.2b: Higher magnification of the previous section showing
part of papillary layer. The stratum basale (*) is one cell layer of columnar subcutaneous tissue with few thin collagen fibrils (1) inbetween basophilic
cells rests on basement membrane. The stratum spinosum consists of many areas (*)of fluid accumulation. (Subgroup ITa: H&E x 400)

layers of polyhedral acidophilic cells with central rounded nuclei (S).
The stratum granulosum cells are flattened with basophilic keratohylin
granules in their cytoplasm (G). The stratum corneum consists of many
layers of flattened non-cellular acidophilic keratin scales (K). (Control
group I H&E x 1000)

=S

e

Fig.2a: A photomicrograph of a section in rat’s thin skin of subgml.lp Ia Fig.3a: A photomicrograph of a section in rat’s thin skin of subgroup ITb
showing the epidermis (E), dermis (D) and the subcutaneous (SC) tissue. showing the epidermis (E) and the dermis (D). An apparent increase in

An apparent increase in the thickness of subcutaneous tissue is obvious. thickness of subcutancous tissue (SC) is obvious. (Subgroup IIb: H&E
(Subgroup Ila: H&E x 40) X 40)
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Fig.4b: Higher magnification of the previous section showing decrease
of fluid spaces with apparent decrease in thickness of the subcutaneous
tissue. Notice numerous blood vessels with different sizes (1) between
collagen fibers (C). (Subgroup Ilc: H&E x 400)

Fig.3b: Higher magnification of the previous section showing an increase
in collagen fibers (C) around areas of injected HA(*) in the subcutaneous
tissue.Notice blood vessels (7). (Subgroup IIb: H&E x 400)

Fig.5a: A photomicrograph of a section in rat’s thin skin of subgroup Illa
showing focal areas of epidermal discontinuation (1). The dermis shows
focal areas of collagen loss (*) of variable sizes.

Fig.4a: A photomicrograph of a section in rat’s thin skin of subgroup Ilc

showing epidermis (E), dermis(D) and subcutaneous tissue. An apparent Fig.5b: Higher magnification showing discontinuation of the epidermis
increase in the thickness of the subcutaneous tissue is obvious. (Subgroup (11), disorganization of collagen fibers and hair follicles (1).Notice loss of
IIc: H&E x 40) collagen fibers in reticular layer (*). (Subgroup Illa: H&E x 400)
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Fig.5c: A photomicrograph of a section in rat’s thin skin of subgroup Illa
showing loss of collagen fibers in the papillay layer (1) and mononuclear
cellular infiltration in the dermis (*). (Subgroup Illa: H&E x 400)

) N ' o " Fig.6b: Higher magnification of the previous section showing the layers

Fig.Sfi: A Photom.icro.graph ofa s.ection. in r.at’s thin skin of subgrﬁ)up 11Ia of the epidermis stratum basale (SB), Stratum spinosum (SS), Stratum
showing disorganization of thc? epidermis W}th focal 10§s of the. eplde.rmal granulosum (SG), Stratum corneum (SC) and the covering acidophilic
cells (7). An apparent reduction of the epidermal thickness is obvious. keratin scales (K). (Subgroup ITIb: H&E x 1000)

Notice the spaces in the papillary layer of the dermis (*). (Subgroup Illa:
H&E x 1000)

Fig.6a

Fig.7: A photomicrograph of a section in rat’s thin skin of group I showing
epidermis(E) ,dermis(D) and subcutaneous tissue .The subcutaneous
tissue contains adipose tissue (A),thin sheet of skeletal muscle fibers(M)
and few collagen fibers (C). (Control group, Masson's trichrome x 40)

Fig.6a: A photomicrograph of a section in rat’s thin skin of subgroup IIIb
showing epidermis (E), dermis (D) and subcutaneous tissue. The dermis
contains closely packed collagen fibers. Increase in the thickness of the
subcutaneous tissue is seen. (Subgroup IITb: H&E x 40)
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Fig.8: A photomicrograph of a section in rat’s thin skin of subgroup Ila
showing an apparent increase of collagen fibers (C) in the subcutaneous
layer. (Subgroup Ila, Masson's trichrome x 40)

Fig.9: A photomicrograph of a section in rat’s thin skin of subgroup IIb
showing an apparent increase of collagen fibers in the subcutaneous layer
(11) as well as in the dermis (7). (Subgroup IIb Masson's trichrome x 40)

Fig.10: A photomicrograph of a section in rat’s thin skin of subgroup Ilc
showing the collagen fibers closely packed forming a continuous layer
in the subcutaneous tissue (1). (Subgroup Ilc, Masson's trichrome x40)

Fig.11: A photomicrograph of a section in rat’s thin skin of subgroup Illa
showing disorganized collagen (1) with spaces of collagen fiber loss (*).
(Subgroup Illa, Masson's trichrome x 40)

Fig.12

Fig.12: A photomicrograph of a section in rat’s thin skin of subgroup
1IIb showing closely packed collagen fibers in the papillary and reticular
layers of the dermis(f) and subcutancous layer (C). (Subgroup IIIb,
Masson's trichrome x 40)

Flg.13/

Fig.13: A photomicrograph of a section in rat’s thin skin of group I
showing short branched and thin elastic fibers(1) in the subcutaneous
region. (Control group, Verhoeff Van-Gieason x400)
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Fig.14: A photomicrograph of a section in rat’s thin skin of subgroup
Ila showing long branched parallel elastic fibers (1) in the subcutaneous
tissue. (Subgroup Ila, Verhoeff Van-Gieason x400)

: )
. Py /” A W i ;
Fig.15: A photomicrograph of a section in rat’s thin skin of subgroup

1Ib showing thin branched parallel elastic fibers (1) in the subcutaneous
tissue. (Subgroup IIb, Verhoeff Van-Gieason x400)

Fig.16: A photomicrograph of a section in rat’s thin skin of subgroup
IIc showing short branched elastic fibers (1) in the subcutaneous region.
(Subgroup Ilc, Verhoeff Van-Gieason x400)

Fig.17

vl
Fig.17: A photomicrograph of a section in rat’s thin skin of subgroup Illa

showing few faint elastic fibers in the dermis (1). (Subgroup Illa, Verhoeff
Van-Gieason x400)

4 s / -
Fig.18: A photomicrograph of a section in rat’s thin skin of subgroup

1IIb showing thin branched elastic fibers (1) in the subcutaneous tissue.
(Subgroup I1Ib, Verhoeff Van-Gieason x400)

Fig.19: A photomicrograph of a section in rat's thin skin of group I
showing faint positive reaction for CD34 in the endothelium of blood
capillaries (7). (Control group: Streptavidin-biotin peroxidase x 400)
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Fig.20: A photomicrograph of a section in rat’s thin skin of subgroup
Ila showing an apparent increase of the positive reaction for CD34 in
the endothelium of subcutaneous blood capillaries (). (Subgroup Ila:
Streptavidin-biotin peroxidase x 400)

Fig.21: A photomicrograph of a section in rat’s thin skin of subgroup IIb
showing strong brownish positive immune reaction for CD34 antibody in
the endothelium of blood vessels (1) of the subcutaneous tissue. Notice
the numerous blood vessels at the site of HA injection. (Subgroup IIb:
Streptavidin-biotin peroxidase x 400)

Fig.22: A photomicrograph of a section in rat’s thin skin of subgroup Ilc
showing strong extensive brownish positive immune reaction for CD34
antibody in the endothelium of blood vessels (1) in the subcutaneous
tissue . (Subgroup Ilc: Streptavidin-biotin peroxidase x 400)

Fig.23: A photomicrograph of a section in rat’s thin skin of subgroup Illa
showing faint immune reaction for CD34 antibody in the endothelium
of the few blood capillaries (). (Subgroup Illa: Streptavidin-biotin
peroxidase x 400)

Fig.24: A photomicrograph of a section in rat’s thin skin of subgroup
IIIb showing an apparent increase in the positive immune reaction
(1) for CD34 antibody in the endothelium of the blood vessels at the
subcutaneous tissue. Notice the apparent increase in these blood vessels.
(Subgroup IIIb: Streptavidin-biotin peroxidase x 400)

Fig.25: An electron micrograph of an ultrathin section in the subcutaneous
tissue of rat’s thin skin of the group I showing inactive fibroblast with
elongated nucleus (N) and few organelles in the cytoplasm. Notice
collagen fibers (C) surrounding the fibroblast. (Group ,TEM x 12000)
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Fig.26: An electron micrograph of an ultrathin section in the subcutaneous
tissue of rat’s thin skin of the subgroup Ila showing a part of cytoplasm
of immature fibroblast. It contains well developed rough endoplasmic
reticulum (R), two centrioles (CN), and multiple vesicles (V). Notice
small filopodium (F) extends from the surface of the cell. Few collagen
fibers (C) with their characteristic axial periodicity are seen beside the
cell. (Subgroup Ila, TEM x 25000)

Fig.27: An electron micrograph of an ultrathin section in the subcutaneous
tissue of rat’s thin skin of the subgroup IIb showing active fibroblast
with an euchromatic nucleus (N) with peripheral heterochromatin .
Cytoplasm of the fibroblast contains numerous dilated cisternae of rough
endoplasmic reticulum (R). Notice regularly arranged collagen fibers with
their axial periodicity (C) beside the cell. (Subgroup IIb, TEM x 12000)

Fig.28: An electron micrograph of an ultrathin section in the subcutaneous
tissue of rat’s thin skin of the subgroup Ilc showing active fibroblast
compressed by fluid accumulation (*). (Subgroup Ilc, TEM x 12000)

Fig.29: An electron micrograph of an ultrathin section in the subcutaneous
tissue of rat’s thin skin of the subgroup Illa showing inactive fibroblast
with flat hyperchromatic nucleus and small cytoplasm surrounded by
few widely dispersed irregular collagen fibers (*). (Subgroup Illa: TEM
x 12000)
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Fig.30: An electron micrograph of an ultrathin section in the dermis
of rat’s thin skin of the subgroup Illa showing nuclei of fibroblasts (¥).
Notice Inflammatory cells (1) with cytoplasm full of granules. (Subgroup
I1Ib: TEM x 12000)

Fig.31: An electron micrograph of an ultrathin section in the subcutaneous
tissue of rat’s thin skin of the subgroup IIIb showing an active fibroblast.
It has a folded nucleus (N) .Nucleolus (nu) is clear in the center with
mitochondria (M) and rough endoplasmic reticulum (1) in its cytoplasm

and surrounded by collagen fibers(C) . (Subgroup IIIb: TEM x 12000)

Table 1: Thickness of different parts of skin, area % of collagen, elastic fibers and CD34 in different animals groups

Variable Group | Subgroup Ila Subgroup IIb Subgroup Ilc Subgroup Illa Subgroup I1Ib
Epidermal thickness 26.09+3.49 25.92+5.38 25.10+3.24 25.48+3.94 6.8142.03%" 25.94+3.45¢
Dermal thickness 954.25+69.12 918.62491.24 942.48+82.82 902.97+87.80 767.52+89.34%" 900.75+86.34¢
Subcutaneous thickness 97.80£19.60° 1759.09+17.23 1592.97+36.88* 1063.15+136.53%¢¢ 71.54+12.79*  671.12+100.36*
Collagen area % 14.60+7.03%¢ 22.08+8.07% 33.39+10.96* 38.89+8.80¢0c¢ 10.4143.49 25.78+9.01%*
Elastic area % 0.31+0.15b 4.60£1.20* 2.47+1.98* 1.31+0.33%0c¢ 0.28+0.20% 2.56+1.27*
CD34 area % 0.87+0.45%¢ 3.40+2.60* 3.34+2.29% 2.4140.45%0c¢ 0.35+0.21% 1.4140.20*
a: significance of difference by LSD of control group I at least p<0.05.
b: significance of differences by LSD of group Ila at least p<0.05.
c: significance of differences by LSD of subgroup IIb at least p<0.05.
d: significance of differences by LSD of subgroup Ilc at least p<0.05.
e: significance of differences by LSD of subgroup Illa at least p<0.05.
f: significance of differences by LSD of subgroup IIIB at least p<0.05.
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Histogram 1: Differences in the total epidermal thickness

Histogram 2: Differences in the dermal thickness
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Histogram 3: Differences in the subcutaneous tissue thickness
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Histogram 6: Differences in the CD34 area %

DISCUSSION

In recent years, the popularity of minimally invasive
cosmetic procedures, including the use of dermal fillers
to hide wrinkle!'!l. Beauty is a specific proportion system
that takes into account facial height, width and symmetry,
according to some plastic surgeons!'?. Dermal fillers are
mainly used to create volume or to reverse any soft tissue
loss due to disease or age!'l.

In the current study,skin specimens from subgroup
ITa were taken after seven days to be sure that the filler
injected in its site and to observe the early reaction of the
filler. This came in accordance with a similar study that
analyzed histological sections of various HA formulations
on the same day, and 14 days after injection to show filler
distribution!4.

In the present study, sections of thin skin of animals of
subgroup Ila revealed an significant increase in thickness
of the subcutaneous tissue. Basophilic areas of fluid
accumulation with few collagen fibers were detected.
While in rats of subgroups IIb obvious increase in thikness
due to actually collagen fibers formation between fluid
accumultion.In subgroup Ilc, decrease in thickness of
subcutaneous tissue due to disappearance of fluid spaces
in comparison to Ila and IIb. Some authors explained
that a hyaluronic acid based filler can stretch neighboring
dermal fibroblasts due to its absorption of interstitial fluid
in the first few weeks after injection!’>!. These results were
confirmed by EM examination of thin skin of rats of
subgroup Ila which revealed numerous fibroblasts with
euochromatic nuclei in the dermis and subcutaneous tissue.
Their cytoplasm contained numerous mitochondria and
well developed rough endoplasmic reticulum (rER). These
fibroblasts were surrounded by regularly arranged collagen
fibers with their characteristic axial periodicity. Cells
with widely separated centrioles (immature fibroblast) in
subgroup Ila could be detected.These cells might belong
to the several stem cells niches present in the skin.Some
authors proved that hyaluronan influence adhesion,
proliferation, differentiation, and migration of MSCs.
This occurs through several newly discovered genetic
signaling mechanisms that involve binding to specific
cellular receptors!'. Numerous rough endoplasmic
reticulum with dilated cisternae were observed in the
fibroblasts of rats of subgroups IIb and Ilc. Mechanical
stress by fluid accumulation lead to fibroblast activation
as noticed in subgroup Ilc. Some authors detected many
stretched fibroblasts in between the connective tissue fibers
surrounding spaces that contained HA after 4 and 13 weeks
of injection. They also concluded that many stretched
fibroblasts contained abundant rough endoplasmic
reticulum, indicating a heightened state of protein
synthesis!'’l.  Similarly, some authors found numerous
fibroblasts, collagen fibrils and elastin fibres in the dermis
after HA injection!'®!. Some authors proved that hyaluronan
also played a role in the epithelial-mesenchymal transition
in which transformation of epithelial cells into connective
tissue cells!". Moreover, others added that these changes
increase the activity of the transforming growth factor-f3
pathway could stimulate fibroblasts and endothelial cells
resulted in collagen, matrix and blood vessels formation in
soft-tissue wound-healing processes?”. These results were
also confirmed by Masson's trichrome stained sections that
showed an significant increase of collagen fibers in the
dermis and subcutaneous tissue of these rats. Fibroblasts
migrated into the HA filler by the 4th weeks as a result
of physical stimulation. Lattice structures were created
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by fibrogenesis following the migration of fibroblasts and
angiogenesis®?”. These findings came in agreement with
some authors, who observed an increase in both mature
collagen and newly synthesized collagen fibers at site of
filler injection?". Moreover, some researchers confirmed
that collagen fibers rapidly increased, after 4 weeks of HA
injection to occupy 13.8 percent of the filled areal®.

In the present work, long branched parallel elastic
fibers were detected in the subcutaneous region of rats
of both subgroups Ila and IIb, whereas, short branched
elastic fibers were seen in the subcutaneous region of
rats of subgroup Ilc. These findings were confirmed by
statistical results. Some authors proved that the presence of
newly synthesized elastin fibers at the injection sites. New
collagen and elastic fibers were observed to be aligned at
the tissue-filler interface. They added that the expression
of dermal elastin protein was significantly increased in
animals injected with HA at weeks 4, 8, and 12 compared
to the control and to be expressed maximally at 4 and 8
weeks after injection®!,

In the current study, blood capillaries were seen in
subgroup Ila in the subcutaneous tissue of the skin of adult
rats. An significant increase in these capillaries was noticed
in the subcutaneous tissue of rats following HA injection.
Numerous blood capillaries were seen in rats of subgroup
Ilc, 90 days after HA injection. The endothelial cells of the
blood capillaries, detected by immune —staining, showed
positive reaction for CD34 which is primarily expressed on
endothelium of small or newly formed vessels. Significant
gradual increase in the positive reaction for CD34 in rats
of group II was noticed in the endothelial cells of blood
capillaries following HA injection. Strong reaction was
observed in the numerous capillaries after 90 days following
HA injection. These findings were confirmed by statistical
results. Some authors proved that human transmembrane
surface hematopoietic progenitor cell antigen CD34, is an
important marker for vascularization and microvascular
density in the tissues'®. It was founded that HA induced
proliferation of endothelial cells and tube formation during
angiogenesis. This was mediated by CD44 signaling.
Hyaluronan slightly increased the expression of angiogenic
markers, including KDR, CD31, and vWF[?2,

In the current study, there was an significant reduction
in the thickness of the epidermis, dermis and the
subcutaneous tissue of aged rats of subgroup Illa (which
were injected with saline only). These findings were
confirmed by statistical results. Similar results were found
that a significant decrease in the maximum thickness of the
epidermis and flattening of the dermo-epidermal junction
were seen in age-related changes in human skin?*,

Focal areas of discontinuation and disorganization of
epidermis. Apoptotic epidermal cells were also observed
in the epidermis of these aged rats of subgroup Illa in this
study. Some authors added that failure of the integrity of
the intercellular cell junction leads to separation of the
epithelial cells?.

The dermis of the aged rats of subgroup Illa in the
present study contained few disorganized collagen fibers.
Several areas of collagen loss were also seen between these
distorted collagen fibers. Some areas of the dermis showed
focal areas of mononuclear cellular infiltration. The skin of
this group also showed few faint elastic fibers in the dermis
and very few hardly detected in subcutaneous tissue.
Empty spaces were also observed between these fibres.
These came accordance with some authors who stated that
increasing age leads to reduced fibroblast activity, reduced
collagen and hyaluronic acid content and more fragmented
elastin fibers within the dermis®!. Mononuclear cellular
infiltration (mostly mast cells) which release collagenases
include matrix metalloproteinase s (MMP) MMP-1, MMP-
8 and MMP-13. These MMPs attack triple helical regions of
interstitial collagen types. This cleavage makes fragments
approximately three-fourths and one-fourth of the size of
the collagen molecules. This was suggested of wide empty

spaces were seen between the distorted collagen fibers??!.

Examination of the dermis and subcutaneous tissue of
aged rats by electron microscope (subgroup Illa) showed
few inactive fibroblasts in between few disorganized
collagen fibers. Nuclei of fibroblasts contained irregular
nuclear membrane and abnormal chromatin distribution.
Their cytoplasm lacked organelles. Few widely dispersed
irregularly arranged collagen fibrils were also observed
beside cells. The observed changes in the fibrobalsts of
the dermis of these rats might affect their function with
subsequent production of the disorganized collagen fibers.
Some authors proved that older skin contains a greater
proportion of fragmented collagen. They explained that
fragmentation of collagen reduces the structural integrity of
the extracellular matrix, producing less mechanical tension
on fibroblasts and appearance of “collapsed” fibroblasts
with subsequant reduction of collagen production®”.
Moreover, some authors observed progressive decrease in
collagen, elastin and proteoglycans content in the dermis
during aging. They also added that the matrix proteins
become fragmented with little spatial structure*.

Immunohistochemical  staining for CD34 of
subcutaneous tissue of aged rats of this study revealed a
faint immune reaction in the endothelium of few blood
capillaries. The observed decreased vascularity might
affect the function of the surrounding cells as fibroblasts
with subsequent reduction in collagen and elastic fibers
synthesis. Similarly, previous researchers®! stated that
increasing age leads to decreased vascularity of the skin.

Examination of sections of aged rats of subgroup IIIb
showed that the structure of the epidermis, dermis and the
subcutaneous tissue was nearly similar to the control adult
rats. Statistical results revealed a significant increase in the
total thickness of the epidermis and dermis as well as the
subcutaneous tissue of these animals as compared to that of
senile rats of subgroup Illa. It was confirmed by electron
microscope examination of the dermis of these rats revealed
that the fibroblasts were surrounded by regularly arranged
collagen fibers. Numerous mitochondria were detected
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in their cytoplasm as well as some rough endoplasmic
reticulum. Filopodia extended from the cell surface to
the nearby collagen fibers. All these findings suggest the
activity of the fibroblasts. This was in agreement with
previous researchers who stated that when HA introduced
to discrete areas within damaged skin, it flows into areas
containing fragmented fibers, pushes on the existing fibers
and creates a rigid scaffold that approximates younger
dermis!'”. This provides an increase in mechanical tension
that stimulates fibroblasts to produce new intact collagen. It
was seen that local injection of HA to these rats (subgroup
I[I1b) might improve the vascularity and stimulate formation
of collagen and elastic fibers by these active fibroblasts.

Closely packed collagen fibers were seen in both layers
of'the dermis. Thin branched elastic fibers were also noticed
in the subcutaneous tissue. Numerous blood vessels were
also detected in the subcutaneous tissue. The observed
increase in immune reaction in animals of the subgroup
IIIb might occur secondary to stimulation of HA to induce
proliferation of endothelial cells of blood capillaries. This
was explained by Noble who stated that oligomers of HA
can activate noninflammatory cells to proliferate, migrate
and trigger wound healing or tissue remodeling. He added
that interaction of HA with one or more receptors as CD44,
receptor for hyaluronan-mediated motility (RHAMM)
and toll-like-receptor-4 (TLR-4) promote endothelial cell
proliferation and migration®..

Regarding the mechanism of action of HA, Many
authors mentioned that mechanical stretching stimulates
fibroblasts to produce growth factors and tissue inhibitors
of matrix metalloproteinases?®®.  Others authors,
mentioned that fibroblasts are activated by hyaluronic
acid itself. They explained that hyaluronic acid directly
stimulates the surrounding cells by means of hyaluronan
receptors as CD44 and CD168 which are expressed on
the cell membrane of fibroblasts, causes an increase in
extracellular matrix constituents such as collagen, elastin
and proteoglycan,also causing fibroblast migration,
proliferation® and can stimulates stem cell niches!'®.
Some authors explained that as focal adhesions play an
important role in sensing and transmitting signals from the
extracellular environment into the interior of the cell. They
able to detect contractile forces or mechanical changes in
the extracellular matrix and convert them into biochemical
signals. This phenomenon called mechanosensitivity,allow
cells to alter their adhesion-mediated functions in response
to external mechanical stimuli.Intergrins transmit these
signals to the interior of the cell,where affect their
migration ,differentiation and growth.Focal adhesion
proteins serve as a common point of entry for signals
resulting from stimulation of various classes of growth
factors receptorst!l.
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