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Abstract

Autologous fat transfer is a popular option for soft tissue augmentation, but has a low survival rate. So, enriching the
transplanted fat with stem cells (cell assisted lipotransfer) or oral administration ofalpha-lipoic acid (ALA) before and
after graft injection, were thought to increase the survival rate of the transplanted fat.

Aim of Study: Is to compare between cell-assisted lipotransfer (CAL) and ALAtherapy in improvement of fat graft
survival.

Materials and Methods: Thirty adult female albino rats were used and divided into three groups.

Group I: the control group. Group II: CAL group received autologous fat mixed with adipose derived stem cells (ASCs).
Group III: ALA group in which animals received oral ALA four days before fat transplantation and continued throughout
experiment. Fat grafts were collected from the sites of injection after twenty-eight days. Histological and immune
histochemical studies were performed. Statistical analysis was also done.

Results: Histological evaluation revealed atrophy and death of adipocytes with formation of fat cysts. Severe
inflammatory infiltration with giant cells formation and fibrosis were detected. Significant decrease of VEGF reaction was
seen. In CAL group significant increase in number of intact adipocytes together with decrease in inflammation and
fibrosis occurred. Moreover, significant increase in VEGF reaction was observed. In ALA group, significant decrease in
number of intact adipocytes and VEGF reaction was detected compared with CAL group. Also, significant increase in
inflammatory infiltration and fibrosis were detected compared to CAL group.

Conclusion: Both ASCs and ALA showed improvement in all histological parameters compared with control group.

However, enrichment of fat with ASCs showed the best results.
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Introduction

Autologous fat transplantation is now ideal filler for
augmentation and soft tissue reconstruction in cosmetic
and reconstructive surgery [1]. It is now an increasingly
attractive method for many procedures including breast
reconstruction, facial and hand rejuvenation, treatment of
squeal resulting from radiation therapy and gluteal fat
augmentation [2,3].

Autologous fat transplantation is host compatible,
readily available, and can be harvested easily and
repeatedly as needed without complication arising from
allergic or foreign body reactions. The main limitation of
this procedure was the low survival rate and high
desorption rate of the transplanted fat with graft survival
rate ranging from 20 to 90 % [4]. A recent study found
that fat grafting following breast cancer reconstruction
retains 45 to 59 percent of its original volume at 49 days
and 27 to 54 percent at 140 days. Patients frequently
undergo at least two or three sessions of grafting to
achieve adequate volume correction [5].

Fat graft failure and volume reduction appeared to be
related to lack of adequate revascularization within the
transplanted fat [6].

Concomitant transplantation of fat and ASCs was
named CAL by Matsumoto, et al. [7]. It was supposed that
ASCs will increase survival rate of lipotransfer.

ALA is an antioxidant which can act as a potent free
radical scavenger and metal chelator. It is a co-enzyme for
mitochondrial multi-enzyme complex reactions [8].

So the purpose of this study was to compare CAL and
ALA in improvement of fat graft survival.

Materials and Methods

Thirty adult female albino rats (Wister strain)
weighing 200-250 gm were used in this study. The
animals were purchased and the study was conducted
from the MASRI Center, Faculty of Medicine, Ain Shams
University. They were housed in plastic cages with mesh
wire covers and were given food and water ad libitum.
The practical work was performed in accordance to the
guide for care and use of laboratory animals and
approved by the Animal Ethical Committee of Ain Shams
University.
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Experimental Design

The animals were divided into three groups: Group I
(Control group): consisted of 10 rats, which received fat
mixed only with saline. The animals were anesthetized by
intramuscular injection of 0.5mg/kg ketamine. Inguinal
fat pads were isolated from the same donor. They were
finely minced, mixed with saline, and poured into 10-mL
syringes. Syringes were Kkept in an upright position at
room temperature for 10 min, and then the infranatant
fluid was discarded. One mL of supernatant fat was
subcutaneously injected into the back of each rat [7].

Group II (CAL group): included 10 rats. Each rat received
mixture of 1 mL of minced fat mixed with 300 pL of
phosphate-buffered saline (PBS) containing 1 x 105ASCs

[9]-

Group III (ALA group): included 10 rats which received
oral ALA treatment 4 days before fat transplantation and
the treatment continued throughout the experiment. ALA
(Thiotacid tablets 300 mg) was purchased from (EVA
pharma company, Egypt). Each tablet was crushed,
dissolved in Ethanol 0.1% and was given orally at a dose
of 500mg/kg/day [10].

Fat grafts were extracted from sites of injection after
four weeks and processed for light microscopic
examination. Paraffin sections were stained by using H&E,
Masson’s trichrome staining. Caspase-3 and VEGF
immune histo-chemical studies were also done.

Morph metric analysis: Five different non overlapping
fields from five different sections of extracted fat grafts of
different rats were examined in each group. An image
analyzer Leica Q win V.3 program (Wetzlar, Germany) in
the Histology department, faculty of Medicine Ain Shams
University was used to measure:

e Number of normal sized and
adipocytes/medium power field

shaped

e Number of fat cysts/medium power field

o Percentage of inflammatory infiltration/medium power
field

e Percentage of fibrosis/medium power field
e Number of apoptotic nuclei/high power field
o Percentage of positive VEGF reaction/high power field
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Statistical analysis was done using one-way ANOVA
test performed by SPSS 17 program. The significance of
the data was determined by p-value p=0.05 non-
significant (NS), p<0.05 significant (S).

Histological scoring of histological parameters was
done. Number of normal adipocytes and fat cysts were
graded based on a scale from 0 to 4. The scoring was
performed at a magnification of 400 [2].

Criteria for normal adipocytes score were:

0 --- more than 12 adipocytes per high power field (HPF)
1---9 to 12 adipocytes/HPF

2 --- 5 to 8 adipocytes/HPF

3 ---1 to 4 adipocytes/HPF

4 --- Absence of intact and nucleated adipocyte/ HPF

Criteria for fat cysts score were:
0 --- absent/HPF

1 --- 1-4 fat cysts/HPF

2 --- 5-8 fat cysts/HPF

3 --- 9-12 fat cysts/HPF

4 --- More than 12 fat cysts/HPF

The rest of the criteria were graded on a scale from 0
to 5 (6) as follows:

Absent: 0

Minimal presence: 1

Minimal to moderate presence: 2

Moderate presence: 3

Moderate to extensive presence: 4

Extensive presence: 5

The scoring was performed at a magnification of 400.

Ten randomly selected fields from each graft were
included for scoring each parameter. All the histologic
examinations were performed by 3 independent
investigators in a blinded fashion.

Preparation of ASCs from excised fat: Fat tissue was
obtained by excision from inguinal pad of fat of male
albino rats. To prepare ASCs, the excised fat tissue was
washed extensively with PBS, cut into small pieces, and
digested with 0.1% collagenase type I in PBS for 80 min at
37°C with intermittent shaking. The suspension was then
centrifuged at 1800rpm, for 10 minutes. The pellet (SVF)
was resuspended in complete medium (DMEM with 10%
FBS & 1% Penicillin/Strept) for culturing. The initial cell
density was 1x105 / cm? and seeded into 25 cm? tissue
culture flasks and then incubated at 37°C, with 5% CO-.
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The flasks were examined daily for detection of any
contamination and to monitor the growth of the cells.
Replacement of the media was done every 2-3 days.When
the cells reached confluence (more than 80% of the flask
area was occupied) nearly at day 7, passaging of cells was
done by trypsinization trypsin/ EDTA for 2 minutes. An
equal amount of culture media was added to the mixture
to stop its proteolytic activity and then the mixture was
centrifuged at a rate of 1800 rpm for 10 minutes. The
supernatant was aspirated, and the pellets were re-
suspended in 10 ml of the complete media and divided
into two T-75 flasks each containing 10 ml complete
medium then re-incubated. The cells were denoted as
passage 1 (P1). ASCs underwent 3-5 passages before
being used. Characterization of stem cells was done using
flow cytometry. ASCs expressed mesenchymal stem cell
marker CD73 and did not express CD45. ASCs expressed
CD34 which is specific for adipose derived and not bone
marrow derived stem cells.

Examination of dishes and taking photographs were
done using inverted microscope (Axiovert 100- ZEISS,
Denmark). Determining cell viability by trypan blue stain
and the total cell count using hemocytometer. Application
of ASCs: 1x105 cells/ each 1ml fat were mixed with fat
transplanted in the back of each rat.

Results

Morphological Identification of ASCs as Evident
by the Inverted Microscope:

On day four, colonies of adherent ASCs appeared
spindle in shape while others were star shaped. They
attained vesicular nuclei and granular cytoplasm. Some
cells had long well-developed processes (Figure 1a) on
day six, the adherent cells were overcrowded (60-70%
confluence). They were mostly branched fibroblast like in
shape with vesicular nuclei and granular cytoplasm they
were interconnected by long cytoplasmic processes
(Figure 1b). On day seven the cells were mostly confluent
(about 90-95%) with granular cytoplasm and vesicular
nuclei (Figure 1c). ASCs in subculture appeared spindle or
star in shape, with granular cytoplasm and vesicular
nucleus (Figure 1d). Characterization using CD45-, CD73+
and CD34+ was detected (Figure 2).

Histological Results

Control group (group I): By naked eye, the dissected fat
grafts were reddish in color with little fat explants. One of
the fat grafts was completely resorbed and another was
severely infected and neglected. Hematoxylin and eosin
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showed few normal sized and shaped adipocytes and
multiple large fat cysts. Some small sized, atrophied
adipocytes with peripheral acidophilic rim of cytoplasm
and multiple fat vacuoles. Small sized adipocytes
(regenerated cells) were also observed. Severe
inflammatory infiltration and multiple blood vessels were
also seen (Figures 3a & 3b). Large areas of connective
tissue replacing most of the grafts were seen (Figure 4a).
Higher magnification of the grafts showed numerous cells
with foamy cytoplasm (foam cells) (Figure 4b). Presence
of fat cysts with cellular debris, atrophied adipocytes and
adipocytes with karyolitic nuclei were seen. Foam cells
and multinucleated giant cells were also observed (Figure
4c). Numerous spindle shaped stromal cells with
acidophilic cytoplasm and large vesicular nuclei could be
detected (Figure 4d). Masson'’s trichrome staining showed
presence of large amount of collagen fibers surrounding
groups of adipocytes (Figure 5a). Numerous caspase-3
positive adipocytes and stromal cells were detected
(Figure 5b). Mild positive VEGF reaction in adipocytes and
blood vessels was also observed (Figure 5c).

CAL group (group II): By naked eye, fat grafts were of
large size and more yellowish than those of control group.
H&E staining showed that most of adipocytes were of
normal shape and size. Few fat cysts were seen. Groups of
adipocytes were separated by connective tissue septa and
capsules. Many blood vessels were observed (Figure 6a).
Higher magnification revealed minimal inflammatory
infiltration (Figure 6b). Masson’s trichrome staining
showed minimal amount of collagen fibers surrounding
normal adipocytes (Figure 7a). Few caspase-3 positive
cells and numerous VEGF positive cells were detected
(Figure 7b & c).

ALA group III: By naked eye, fat grafts were slightly
bigger than grafts of control group. H&E sections showed
presence of intact adipocytes surrounded by stroma
containing connective tissue fibers, inflammatory
infiltration and many blood vessels (Figure 8a). Higher
magnification of the grafts showed some adipocytes with
irregular cell membrane (Figure 8b). Stromal cells
revealed multinucleated giant cells containing fat droplet
(Figure 8c). Masson’s trichrome staining showed collagen
fibers surrounding adipocytes forming septa (Figure 1a).
Mild caspase-3 positive reaction and moderate VEGF
positive reaction of were detected (Figure 9b & c).

Statistical Results

Histological evaluation of the transplanted fat revealed
significant improvement of histological parameters in
both CAL and ALA groups compared to control group.
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Comparing between CAL and ALA groups, CAL had highly
significant increase in number of normal adipocytes and
significant decrease of number of fat cysts, inflammatory
infiltration and fibrosis compared to ALA group. Also, CAL
had significant increase in percentage of positive VEGF
reaction compared to ALA group. However, percentage of
apoptotic nuclei didn’t differ significantly between the
two groups (Flow charts 1 & 2).
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Flowchart 1: showing the mean number of normal
adipocytes and fat cysts in the different subgroups.
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Flowchart 2: showing the mean area percentage of
inflammatory infiltration, fibrosis, and caspase-3
positive immune reaction and VEGF positive immune
reaction in different subgroups.
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Figure 1: 1a: Photomicrograph of ASCs on day 4 of
primary culture showing spindle (1) and Star-shaped
(1) cells with vesicular nuclei and granular
cytoplasm. Colonies started to appear. 1b:
Photomicrograph of ASCs on day 6 of primary culture
showing about 60-70% confluent fibroblast-like cells
with vesicular nuclei. They are interconnected by
cytoplasmic processes. 1c: Photomicrograph of ASCs
on day 7 of primary culture showing 90-95%
confluent cells. Whorly appearance of the colonies can
be seen. 1d: Photomicrograph of ASCs on passage 3
showing star shaped cells with cytoplasmic processes,
granular cytoplasm, and vesicular nuclei. Many nuclei
show 2 or more nucleoli (T). (Phase contrast
microscopy x100).

Figure 3: 3a: Photomicrograph of control group (I)
showing numerous atrophied fat cells (T). The
atrophied cells contain peripheral acidophilic rim of
cytoplasm and multiple fat vacuoles. Notice: intense
cellular infiltrate. 3b: Photomicrograph of control
group (I) showing few normal sized adipocytes,
numerous small sized adipocytes (T) and multiple
large fat cysts (star). Notice: Severe inflammatory
cellular infiltration, multiple blood vessels (arrow
head). (H&E x100).

(A FL2INT LOG

[Ungated] SS INT LOGIFS INT LIN

A
¢ 100.0%

FSINTUN

[ W

SSINTLOG "o o T
wrawTioe P

[A]FL4 INTLOG

2.4%

= SRR
o T o e L4 3
oM co4s

Figure 2: Surface marker profile of undifferentiated
ASCs as detected by specific antibodies using flow
cytometry: ASCs stained for MSCs marker CD73,
though not for haematopoietic marker CD45. Cells
stained for specific ASCs CD34.

¢

Figure 4: 4a: Photomicrograph of control group (I)
showing a localized group of adipocytes and few fat
cysts. Numerous inflammatory cells and blood vessels
can also be seen. Notice: presence of large amount of
connective  tissue fibers. (H&E x100) 4b:
Photomicrograph of control group (I) showing fat
cysts surrounded by intense inflammatory infiltration.
Spindle shaped fibroblasts can be seen (T). Apoptotic
cells and cellular debris are observed (thick arrow).
Notice: numerous cells with foamy cytoplasm can be
seen (arrow heads).(H&E x400). 4c: Photomicrograph
of control group (I) showing adipocytes forming fat
cyst containing cellular debris (star) and adipocytes
with karyolitic nuclei (T1). Star-shaped preadipocyte
with acidophilic cytoplasm and few fat droplets were
also observed (white arrow). Notice! Presence of foam
cells (T) and multinucleated giant cells (thick
arrow).(H&E x1000) 4d: Photomicrograph of control
group (I) showing numerous spindle shaped cells with
acidophilic cytoplasm (T). Some of them contain small
vacuoles. (H&E x1000).
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Figure 5: 5a: Photomicrograph of control group (I)
showing large amount of collagen fibers surrounding a
group of small normally sized adipocytes.(Masson'’s
Trichrome staining x100) 5b:Photomicrograph of
control group (I) showing moderate number of
caspase-3 positive adipocytes (arrow heads) and
stromal cells (T). (Caspase-3 immune histochemical
staining x400) 5c: Photomicrograph of control group
(I) showing weak positive VEGF immune reaction in
few inflammatory and stromal cells (7). Endothelial
cells of few blood vessels were stained positive (arrow
heads) while some others are negatively stained
(star). (VEGF immune histochemical staining x400).
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Figure 7: 7a: Photomicrograph of CAL group (II)
showing few amount of collagen fibers surrounding
normal sized and shaped adipocytes and blood vessels.
(Masson’s ~ Trichrome  staining  x100) 7b:
Photomicrograph of CAL group (II) showing minimal
caspase-3 positive reaction (arrow heads). (Caspase-3
immune  histochemical staining x400) 7c:
Photomicrograph of CAL group (II) showing moderate
to severe positive VEGF reaction in reaction in blood
vessels (thick arrow) and stromal cells (T). (VEGF
immune histochemical staining x400).

showing many normal sized and shaped adipocytes
with few numbers of degenerated fat cysts (star).
Connective tissue septa (arrow heads) and blood
vessels (T) can be seen. (H&E x100) 6b:
Photomicrograph of CAL group (II) showing multiple
normal sized and shaped adipocytes, few fat cysts
(triangles). The stromal vascular fraction contains few
stromal cells (arrow heads) and blood vessels (star).
(H&E x400).
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Figure 8: 8a: Photomicrograph of ALA group (III)
showing normal sized and shaped adipocytes. Stromal
fraction contains connective tissue fibers,
inflammatory cells and many blood vessels (1). (H&E
x100) 8b: Photomicrograph of ALA group (III)
showing adipocytes with irregular cell membranes
(arrow heads). Connective tissue with stromal cells
can also be seen.(H&E x400) 8c: Photomicrograph of
ALA group (III) showing two multi nucleated giant
cells (thin and thick arrows). One giant cell (thin
arrow) contains fat droplets in its cytoplasm (stars).
(H&E x1000).

Copyright© Sahar MMO, et al.

Alpha-Lipoic Acid Inautologus Fat Graft Survival. ] Embryol Stem Cell Res 2019, 3(2): 000128.




Journal of Embryology & Stem Cell Research

{ N e g
¢ ‘.1 ?‘\;“/*, '_>( s
Eald YA & A \2'(\?’.%'

Figure 9: 9a: Photomicrograph of ALA group (III)
showing moderate amount of collagen fibers
surrounding areas of normal sized and shaped
adipocytes forming septa.(Masson’s Trichrome
staining x100) 9b:Photomicrograph of ALA group (III)
showing mild mild caspase-3 positive immune
reaction in some adipocytes (arrow head) and
inflammatory cells (7). (Caspase-3 immune
histochemical staining x400) 9c: Photomicrograph of
ALA group (III) showing moderate positive VEGF
reaction in endothelium of blood vessels (arrow head)
andstromal cells (7). (VEGF immune histochemical
staining x400).

Discussion

The current study was designed to compare the effect
of ASCs versus ALA in autologous fat graft survival.
Adipose tissues were formed of adipocytes and stromal
vascular fraction. The stromal vascular fraction is a
heterogeneous cell population. Some of them are blood
derived and others are adipocytes derived. They included
ASCs, progenitor cell, endothelial cell, resident monocytes,
fibroblasts, and smooth muscle. In the present study, fat
grafts were harvested by excision from inguinal pad of fat
with subsequent physical fragmentation into sub
millimeter units called micro fragmented adipose tissue
(MAT). Excised fat had some advantages over aspirated
fat; first, the yield of ASCs from excised fat is much more
than the yield of ASCs from aspirated fat. Second,
aspirated fat contained fewer vascular structures,
especially large ones, compared with excised fat [7]. Blood
vessels were considered as important for graft survival
[11].

Keeping the microarchitecture of the fat intact by
physical fragmentation maintain regenerative growth
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factors and cytokines. A previous study stated that
enzymatic digestion could change the gene expression
resulting in decrease of secretory activity of stromal
vascular cells and their antigenic growth factors [12].

H&E stained sections of the control group (group I)
showed few number of intact fat cells. Some adipocytes
showed karyolitic nuclei.

Large Fat cysts could be detected. Some investigators
declared that these cysts aroused from fusion of
adipocytes after destruction of their cell membranes.
Moreover, they recorded that fat cysts remained in the
graft as a consequence of fat necrosis. These cysts were
non-nucleated with impaired membranes [13].

Loss of adipocytes by necrosis and apoptosis was
confirmed by significant increase in caspase-3 positive
cells in group I of the present study.

In the present study, most of the fat cells revealed
thick rim of acidophilic cytoplasm and multiple fat
vacuoles. These atrophic changes were adaptive changes
due to lack of vascularization [14].

Some areas of the grafts showed numerous spindle
shaped cells with large vesicular nuclei with acidophilic
cytoplasm containing minute fat vacuoles. Some
researchers stated that fat cells might undergo
dedifferentiation into preadipocytes by losing their fat
content and transformed into fibroblast-like morphology
[15]. Investigators declared that ASCs and preadipocytes
could survive in ischemic tissues whereas mature
adipocytes died easily [16].

Presence of small sized intact adipocytes was also
observed. Previous studies stated that small intact
adipocytes were regenerating cells resulted from
activation of stem cells to restore the dead cells [17].
However, proliferated stem cells underwent apoptosis
resulting in incomplete regeneration and fibrosis. They
added that the mechanism of late apoptosis of ASCs was
unknown [18].

Fat droplets released from fat cysts and necrotic
adipocytes were phagocytized by macrophages resulting
in formation of foam cells. Moreover, aggregation of
macrophages around dead adipocytes leads to the
formation of crown-like structure (multinucleated giant
cell).
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Another feature of control group was the extensive
formation of connective tissue septa. In some specimens,
these septa replaced most of the graft tissue. Many
investigators explained the cause of fibrotic changes in
the graft. A previous researcher stated that foam cells
could up regulate lipid receptors with lipid accumulation.
This resulted in change in macrophage gene expression
from classically activated M1 into alternatively activated
M2 which release proliferate mediators [18]. Hypoxia also
is thought to enhance pro-inflammatory cytokine
production in macrophages promoting an inflammatory
shift of the adipose tissue macrophage phenotype [19].

Some scientists recorded that, PDGF A released few
lymphocytes and eosinophil’'s acted on perivascular
adipocytes precursors (adventitial stromal cells and
pericytes) and inhibited adipocyte differentiation, but
stimulated myofibroblasts differentiation and fibrosis
[20]. In addition, researchers stated that stressed
adipocytes and hypoxia contributed to immune cell
immigration and activation leading to aggravated adipose
tissue fibrosis [21].

Researchers thought that stresses resulted after
harvesting, early ischemic changes and nutrient
deprivation resulted in apoptosis and cell death [18].
Moreover, adipocyte could undergo dedifferentiation and
the loss of mature adipocytes may contribute to a
significant loss in graft volume and decrease in normal
adipocytes. In addition, clearance of adipocytes debris
from extracellular matrix by aggregated macrophages
also added to the decrease of adipocytes [15]. Being
smaller in size than normal adipocytes, regenerating cells
was neglected during image analysis contributing to the
significant decrease of normal adipocytes in control group
compared to the other groups.

Control group showed weak positive VEGF reaction.
VEGF is the most important regulator of physiological
angiogenesis during growth, healing and in response to
hypoxia. VEGF-A is produced by endothelial cells,
fibroblasts, smooth muscle cells, platelets, stem cells and
macrophages [22,23]. VEGF is up regulated by hypoxia-
inducible transcription factor. However, VEGF alone may
lead to leaky, unstable capillaries. Previous studies stated
that PDGF can help stabilize blood vessels by recruiting
mesenchymal progenitors forming mature vessels [24].

Histological evaluation of fat grafted from CAL group
showed significant improvement of all histological
parameters compared to control and ALA groups. Marked
increase in number of normal size and shape adipocytes
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was observed. Also, significant decrease in number of fat
cysts, inflammatory infiltration, fibrosis and apoptosis
was present. Significant increase positive VEGF reaction
in adipocytes, blood vessels, fibroblasts and inflammatory
cells was observed

Many previous studies demonstrated that the most
important mechanism behind this improvement is that
ASCs contributed to increased micro vascular density and
accelerated neoangiogenesis by producing and releasing
soluble antigenic factors such as vascular endothelial
growth factor, hepatocyte growth factor, and insulin-like
growth factor-1 [25]. The capacity of culture-expanded
ASCs reported [6,25] to differentiate into endothelial cells
in vitro supports their contribution to neoangiogenesis.
This was confirmed by the marked increase in positive
VEGF reaction.

In addition, ASCs contributed to the increased number
of normal adipocytes by direct adipocyte differentiation
and preventing apoptosis by secretion of anti apoptotic
cytokines [26] this was confirmed by the significant
decrease of caspase-3 positive reaction.

Significant decrease of inflammatory infiltration was
referred to the effect of ASCs in modulation of immune
response by their paracrine effects. ASCs secrete
prostaglandins E2 (PGE2), which alters the secretion
profile of cytotoxic T cells by inhibiting the (tumor
necrosis factor-a) TNF-a and (interferon-y) INF-y and by
stimulating interleukin-10 secretion to modulate the
immune inflammatory response [27].

Significant decrease of collagen fibers within the fat
grafts of group II of the present study was detected. This
was attributed to anti fibrolytic reagents secreted by ASCs
[28,29].

Histological study of the grafts of ALA group showed
significant improvement of histological parameters
compared to control group. Marked increase of normal
adipocytes and VEGF and decrease of fat cysts,
inflammatory infiltration, fibrosis and apoptosis were
observed. However, some adipocytes showed irregular
cell membranes.

The mechanism of ALA in improvement of graft
survival might be due to its potent antioxidant and anti
apoptotic activity [15,30]. This was proved by the
significant decrease of caspase-3 positive reaction.
Antioxidant and anti apoptotic effects of ALA helped
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adipocytes to survive mechanical and hypoxic stresses
after transplantation.

A study investigated the protective effect of ALA
against oxidative stress, inflammation, and apoptosis. The
anti oxidative activity of ALA was attributed to direct free
radical scavenging effect or indirectly to the restoration of
endogenous antioxidants (i.e. GSH, vitamin C, and vitamin
E), metal binding activity, and regeneration of oxidized
proteins [31].

Previous studies proved that ALA interacted with the
membrane lipid bilayer and maintained cellular integrity
[15,32,33]. This also contributed to its protective effect on
stressed adipocytes.

Moreover, exogenous ALA had exhibited anti-
inflammatory properties and it is now being pursued as a
new therapy for inflammatory diseases [34]. A study
demonstrated that ALA inhibited the (TNF-a)-induced
inflammatory activation by blocking its signaling cascades
in rheumatoid arthritis fibroblast-like synovial cells [35].
This explained the significant decrease of inflammatory
infiltration within fat grafts compared to control group,
and the decrease of fibrosis as a consequence.

Some adipocytes with irregular cell membrane were
observed. This irregularity might be due to reducing the
lipid content of adipocytes. A previous study stated that
ALA had an important role in lipid metabolism. It
prevented diabetes mellitus in obese diabetes-prone rats
by reducing lipid accumulation in adipose and non-
adipose tissues [36]. Other researchers stated that the
lipolysis metabolic effect of ALA may be mediated by
fibroblast growth factor-21.

Conclusion

Comparative study between CAL and ALA groups
showed improvement in their histological parameters
compared to control group. However, CAL gave better
results.
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