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ABSTRACT

Background and Objectives: Chronic wounds represent a significant health problem.  Novel therapeutic approaches to wound 
healing are required. Garlic (Allium sativum) was considered to exert antioxidant, antibacterial, and anticholesterol activities.
Aim of the work: The present work aimed at investigating the possible therapeutic effect of garlic extract (GE) on induced 
wound in male albino rat. The possible role of endogenous stem cells was also determined.
Materials and Methods: 26 adult male albino rats were divided into Group I (Control group): 6 rats not exposed to wound 
induction.Group II (Wounded group): 10 rats were exposed to wound induction and subdivided into subgroups IIa and IIb, 
5 animals each, were sacrificed 2 and 3 weeks following wound induction. Group III (Wounded and GE treated group):  
10 rats were exposed to wound induction and subdivided as in group II. 0.5 ml of 1% GE was locally applied following 
wound induction. Skin specimens (including the wound and a margin of normal skin around) were subjected to histological, 
immunohistochemical, morphometric and statistical studies.
Results: Morphological changes, indicating inflammation and degeneration, were found in wounded rats. These changes 
regressed remarkably by the use of GE. The regression of apoptosis was confirmed by caspase3 immunostaining and the 
activation of stem cells was proved by CD44 immunostaining.
Conclusions: GE therapeutic effect was proved to be related to both caspase3 pathway inactivation and MSC migration 
activation. GE was suggested to be applied in appropriate concentrations in the preparation of pharmaceutical products to be 
used safely on epithelial cells in wound care.
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INTRODUCTION                                                                 

The epidermis functions in skin as first defense line 
or barrier against environmental impacts, resting on 
extracellular matrix (ECM) of the dermis[1]. Clinical 
approaches to the treatment of wounds are numerous, 
but individually often do not provide an ideal solution. 
Problems with local administration of agents with low 
efficacy are the main drawbacks[2]. Chronic wounds 
represent a significant health problem. Novel therapeutic 
approaches to wound healing are required[3]. Garlic 
(Allium sativum) was considered to exert antioxidant and 
antibacterial activities[4].

Self-renewal and multipotency are the key hallmarks 
of stem cells, permitting them to act as the fundamental 
units maintaining growth, homeostasis and repair of many 
tissues. These two key features establish stem cells as the 
most promising tool for regenerative medicine. Among 

the different types of stem cells, mesenchymal stem 
cells (MSCs) or multipotent mesenchymal stromal cells 
are considered as a potential tool to treat degenerative 
diseases[5]. A recent study investigated whether endothelial 
progenitor cells induce favourable effects on cutaneous 
incisional wound healing in mice[6].

The present work aimed at investigating the possible 
therapeutic effect of garlic extract (GE) on induced wound 
in male albino rat. The possible role of endogenous stem 
cells was also determined.

MATERIALS AND METHODS                                      

Drugs and chemicals

Garlic Extract (GE) was prepared by buying the garlic 
from a local vegetable market. The garlic bulbs were 
peeled and ground to form a paste in 1 g quantity. At the 
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Biochemistry Department, Faculty of Medicine, Cairo 
University the paste was dissolved in 100 ml distilled 
water in a sterile tube. The solution was centrifuged at 
6000 rpm for 20 minutes at room temperature. The pellet 
was discarded and supernatant was diluted 10 times with 
KY gel to get 1% of garlic extract. The concentration used 
is based on a previous study[7]. Allicin was considered the 
main active constituent of GE[8].

Animals 

Twenty six adult male albino rats each weighing 200g 
were used in the present study. The animals were housed 
in the Animal House of Histology Department, Faculty 
of Medicine, Cairo University under good hygienic 
conditions of air, temperature, fed ad libitum and allowed 
for free water supply. The animals were treated according 
to the ethical guidelines of Cairo University. The animals 
were divided into five groups, kept in separate cages.

Group I (Control group): six rats subdivided into: 

Subgroup Ia: Three rats received 0.5ml KY gel by local 
application on the skin of the back 6 days/week, one rat for 
2 and the other for 3 weeks.

Subgroup Ib: Three rats received 0.5ml 1% GE by local 
application on the skin of the back 6 days/week, one for 2 
and the other for 3 weeks.

Group II (Wounded group): 

Ten rats were exposed to wound induction. Wound 
induction was performed  by anaesthetizing the rats using 
ketamine hydrochloride (Ketalar, (Parke Davis Barcelona, 
Spain) (35 mg/kg), injected into the gluteus maximus muscle 
of the animal. The hair was shaved on the middle part of 
the back, using aseptic techniques, a 3cm longitudinal skin 
incision was made using a sterile scalpel[9]. Betadine was 
applied to the wound site and rinsing with normal saline 
was performed at the site of injury daily. The animals were 
subdivided into 2 subgroups according to time of sacrifice.

Subgroup IIa: 5 animals were sacrificed 2 weeks 
following wound induction.

Subgroup IIb: 5 animals were sacrificed 3 weeks 
following wound induction.

Group III (Wounded and GE treated group): 

Ten rats were exposed to wound induction as in group 
II. 0.5 ml of 1% GE was locally applied on the wound and 
on the surrounding skin margins for 6 days/week at an 
interval of 24 h following wound induction. The animals 
were subdivided into 2 subgroups according to time of 
sacrifice:

Subgroup IIIa: 5 animals were sacrificed 2 weeks 
following wound induction and GE application.

Subgroup IIIb: 5 animals were sacrificed 3 weeks 
following wound induction and GE application.

The animals belonging to control and corresponding 
experimental groups were sacrificed by ether inhalation. 
Skin specimens were obtained from the back (including 
the wound and a margin of normal skin around) and fixed 
in 10% formol saline for 48 hours. Paraffin blocks were 
prepared and 5μm thick sections were subjected to the 
following studies:

Histological Study:

Hematoxylin and eosin[10]

Immunohistochemical Study:

1. Caspase3 immunostaining[11] the marker for 
apoptosis. 0.1 ml diluted primary antibody (Ab) (Caspase3 
3015100- Ab) (Biovision, Milpitas Boulevard, Milpitas, 
CA USA) stored at 28- ºC.

2. CD44 Ab to detect the endogenous MSCs[12]. 0.1 ml 
prediluted rabbit monoclonal 1ry Ab (IW-PA1021) (IHC 
World, Ellicott City, USA) stored at 28- ºC. The primary 
Ab was applied to the sections for 60 minutes at RT and 
the +ve tissue control was a specimen of human tonsil for 
both markers. Caspase 3 showed cytoplasmic reaction and 
CD44 +ve cells showed membranous reaction. The -ve 
tissue control was processed in the same way, but omitting 
the step of 1ry Ab.

Morphometric Study

Using Leica Qwin 500 LTD (Cambridge UK) computer 
assisted image analyzer, assessment of the distance between 
the discontinuous margins of epidermis and epidermal 
thickness were performed in H&E stained sections. The 
measurements were done in 10 low power fields (LPF) 
in control and experimental groups using interactive 
measurements menu. In addition, the area% of Caspase3 
+ve cells and that of CD44 +ve cells were recorded in 
immunostained sections. The measurements were done in 
10 high power fields (HPF) in control and experimental 
groups using binary mode.

Statistical analysis

Quantitative data were summarized as means and 
standard deviations (SD) and compared using one-way 
analysis-of-variance (ANOVA). P-values< 0.05 were 
considered statistically significant. Calculations were made 
on social package of statistical study software version 
16[13].

RESULTS                                                                                

None of the animals died during the experiment. 
The following results were recorded by examination 
of various sections of the skin belonging to control 
and experimental groups, which were subjected to 
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histological, immunohistochemical and morphometric 
studies.

A) Histological Results:

1.Haematoxylin and Eosin (H&E) Stained 

Sections:

Group I (Control Group):

Skin sections of all control rats demonstrated 
epidermis, dermis and sebaceous glands related to hair 
follicles (Fig 1a). Close observation revealed basal, 
spiny, granular and horny layers forming the epidermis. 
Hair follicles appeared as invaginations of epidermis into 
the dermis and were lined by epidermal cells. Vacuolated 
sebocytes and basal cells were seen lining the secretory 
part of sebaceous glands. (Fig 1b).  Keratinocytes of 
basal and spiny layers exhibit pale nuclei, while granular 
layer is characterized by dark basophilic cytoplasm of 
the keratinocytes. Flattened non-nucleated keratinized 
squames were seen in horny layer (Fig 1c).

Group II (Wounded Group):

Subgroup IIa (sacrificed 2 weeks following wound 
induction)

In this subgroup, separation of the wound edges and 
epidermal thickening was remarkable at one side. Diffuse 
eosinophilic homogenous material was seen extending 
among the other side. Detached fibers of the horny layer 
and impacted keratin between the epidermal layers were 
noticed (Fig 2a). Close observation demonstrated nuclear 
margination in multiple vacuolated epidermal cells and 
separation of the underlying C.T fibers. Some blood 
vessels, multiple extravasated RBCs and eosinophilic 
homogeneous material were observed among the dermis 
(Fig 2b).

Subgroup IIb (sacrificed 3 weeks following wound 
induction):

Less obvious separation of the epidermal edges of 
the wound, less thickening of the epidermis and less 
eosinophilic homogenous material  were detected in 
this subgroup compared to subgroup IIa. Occasional 
congested blood vessels were found (Fig 3a). Close 
observation revealed  cellular debris in occasional wide 
vacuolated areas  and detached small superficial parts of 
the epidermis (Fig 3b). 

Group III (Wounded and GE Treated Group): 

Subgroup IIIa (sacrificed 2 weeks following wound 
induction and GE application)

Compared to subgroup IIa, in this subgroup, 
localized separation of epidermal edges and localized 
homogeneous acidophilic material collected in the 
epidermis were seen. In addition deeply acidophilic 
material and keratin whorls were observed at the 
surface. Epidermal thickening was seen on one side of 
the wound. Some hair follicles were seen deep in the 
dermis and separation of some C.T fibers was noticed 
(Fig 4a). Close observation recruited discontinuity of 
granular and horny cell layers and occasional keratin 
whorls were impacted between the discontinuous edges. 
Few vacuolated cells with nuclear margination and 
occasional localized vacuolated areas containing cellular 
debris were seen (Fig 4b). The follicles noticed deep in 
the dermis were lined by multiple layers of cells and the 
secretory part of the related sebaceous glands was lined 
by sebocytes exhibiting vacuolated cytoplasm (Fig 4c). 

Subgroup IIIb (sacrificed 3 weeks following wound 
induction and GE application)

Small detached parts of horny layer and focal 
separation of epidermal edges were found in this 
subgroup, where the horny layer was seen covering 
most of the surface of the epidermis. Some follicles with 
related sebaceous glands, microfollicles and multiple 
deep follicles in the dermis were detected (Fig 5a). Close 
observation revealed few epidermal cells demonstrating 
nuclear margination among normally appearing   
epidermal cells (Fig 5b).  Some microfollicles lined by 
two layers of flattened cells and exhibiting few keratinized 
cells in their centers were found (Fig 6a). Some of the 
deeper follicles showed the medulla of hair, some others 
exhibited a single peripheral layer of vacuolated cells 
and occasional ones demonstrated medulla, cortex of 
hair, internal root and external root sheaths. In addition, 
congested blood vessels were noticed (Fig 6b) compared 
to subgroup IIb. 

B)Immunohistochemical Results:

1.Caspase3 Immunostained sections:

Control Group:

Sections in the skin of control rats showed few 
Caspase3 positive immunostained cells. The +ve cells 
were seen in the superficial layers of the epidermis (Fig 
7a). 

Group II (Wounded Group):

Sections in the skin of rats belonging to subgroups 
IIa and IIb showed multiple +ve epidermal cells and 
multiple +ve cells extending down among the dermis.  
The multiplicity of +ve cells was less apparent in 
subgroup IIb compared to subgroup IIa (Figs 7b and 7c). 
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Group III (Wounded and GE Treated Group):

Sections in the skin of rats belonging to subgroup 
IIIa showed some +ve epidermal cells (Fig 8a). While 
in subgroup IIIb, few +ve cells were found among the 
epidermis (Fig 8b). In this group, a negative reaction 
was obvious in the dermis and the multiplicity of +ve 
cells in the epidermis was less apparent compared to the 
previous subgroups.

2.CD44 Immunostained sections:

Control Group:

Sections in the skin of control rats showed negative 
CD44 immunostaining among the epidermis, hair 
follicles and related sebaceous glands in the dermis                       
(Fig 9a).

Group II (Wounded Group):

Sections in the skin of rats in subgroup IIa  
demonstrated some CD44+ve spindle cells in the 

epidermis and multiple +ve spindle cells in the dermis 
at the wound margins (Fig 9b). While in subgroup IIb, 
observation revealed some +ve spindle cells in the 
epidermis and dermis  at the wound margins (Fig 9c).

Group III (Wounded and GE Treated Group):

Sections in the skin of rats in subgroup IIIa  
demonstrated multiple +ve spindle cells in the epidermis 
and dermis at the wound margins (Fig 10a). In addition, 
multiple +ve spindle cells were evident in few hair 
follicles, in the dermis and hypodermis (Fig 10b) 
compared to subgroup IIa.

On the other hand, sections in the skin of rats in 
subgroup IIIb showed few +ve spindle cells in the 
epidermis and dermis at the wound margins (Fig 11a). 
In addition, multiple +ve spindle cells were recruited in 
some hair follicles, while some +ve spindle cells were 
found in the dermis and hypodermis (Fig 11b) compared 
to subgroup IIb.

Table 1: Mean ± standard deviation (SD) of the distance between (bet) epidermal margins (em), thickness (th) of epidermis (ep) in control 
and experimental groups

th of epDistance bet emGroups and 
Subgroups

34.72±3.38Control group
79.72±13.25$39.98±3.31#Group  II (Wounded group):

Subgroup IIa
44.21±9.1828.99±5.32#Subgroup IIb 
48.92±10.4915.98±3.31°GroupIII (Wounded GE treated group):

Subgroup IIIa
36.09±5.305.99±0.32Subgroup IIIb

# significant compared to subgroups IIIa and IIIb
° significant compared to subgroup IIIb
$ significant compared to control and subgroup IIIb

Table 2: Mean ± standard deviation (SD) of the area % of  caspase3  +ve cells and area% of CD44 +ve cells in control and experimental 
groups

Area% of CD44 +ve cellsArea % caspase3 +ve cellsGroups and 
Subgroups

0.56±0.07Control group

3.89±0.6210.21±0.99#Group  II (Wounded group):
Subgroup IIa 

3.29±0.198.22±1.19#Subgroup IIb 

11.38±1.46*1.66±0.12GroupIII (Wounded treated group):
Subgroup IIIa

8.99±2.11*0.81±0.03Subgroup IIIb
# significant compared to control, subgroups IIIa, IIIb
* significant compared to subgroups IIa, IIb
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Fig 1: Photomicrographs of sections in the skin of group I showing (H&E,). a: epidermis (E), dermis (D), sebaceous glands (arrowhead) 
related to hair follicles (arrow) (x 100). b: basal (b), spiny (s) granular (g) and horny (h) layers. Vacuolated sebocytes (*) and basal cells 
(arrowhead) are seen lining the secretory part of sebaceous glands. Epidermal cells are seen lining the hair follicle (arrow) (x 200). c: pale 
nuclei (N) of basal and spiny  layers , dark basophilic cytoplasm of granular (g) and flattened non-nucleated keratinized squames in horny (h) 
layer                                                                                                                                                                                                               (x  400). 
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Fig 2: Photomicrographs  of   sections  in the skin of subgroup 
IIa showing (H&E,). a: showing separation of wound edges 
(arrows). The epidermis appear thickened at one side (T) and 
diffuse eosinophilic homogenous material (*) is seen extending 
among the other side. Note detached fibers of horny layer (dh) 
and impacted keratin (K) (x 100). b: nuclear margination (M) 
in vacuolated epidermal cells and separation of the underlying 
C.T fibers (arrowhead). Note some blood vessels (v), multiple 
extravasated  RBCs (arrow) and eosinophilic homogeneous 
material (*) among the dermis                                                (x 400).

Fig 3: Photomicrographs  of  sections  in the skin of subgroup IIb 
showing (H&E,). a: less obvious separation of epidermal edges 
(arrows), less thickening of epidermis (T) and less eosinophilic 
homogenous material (*).  Note a congested blood vessel (c) (x 
100). b: cellular debris in a wide vacuolated area (circle) and a 
detached small superficial part of the epidermis (bifid arrow)                                                                                                                                           
                                                                                               (x 400). 
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Fig 4: Photomicrographs of sections in the skin of subgroup IIIa showing (H&E,). a: localized separation of epidermal edges (arrow), 
localized homogeneous acidophilic  material (*), deeply acidophilic material (curved arrow) and keratin whorls (Kw) at the surface. 
Epidermal thickening (T) is seen on one side of the wound. Note some hair follicles (F) and separation of C.T fibers in the dermis (arrowhead) 
(x 100). b: discontinuity of granular (g) and horny cell layers (arrows), one of the keratin whorls (Kw) is impacted between the edges. Few 
vacuolated cells with nuclear margination (thin arrow) and a localized vacuolated area containing cellular debris (circle) are seen (x 400). c: 
showing a follicle lined by multiple layers of cells (arrow) and a related sebaceous gland lined by sebocytes exhibiting vacuolated cytoplasm 
(arrowhead)                                                                                                                                                                                                 (x 400).

Fig 5: Photomicrographs of sections in the skin of subgroup IIIb showing (H&E,). a: small detached part of horny layer (dh), focal separation 
of epidermal edges (arrow), the horny layer (h) covers most of the surface of the epidermis, follicles with sebaceous glands (F), microfollicles 
(mF) and multiple deep follicles (angled arrows). Note fat cells (f) (x 100). b: two epidermal cells with nuclear margination (thin arrows) 
among normally appearing epidermal cells                                                                                                                                                  (x 400). 
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Fig 6: Photomicrographs of sections in the skin of subgroup IIIb showing (H&E, x400). a: two microfollicles lined by two layers of flattened 
cells (arrows) and exhibiting few keratinized cells in their centers (*). b: to the right a follicle exhibiting the medulla of a developing hair (*), 
another one exhibiting a single peripheral layer of vacuolated cells (arrowhead) and a 3rd one exhibiting medulla (*), cortex (thin arrow) of 
hair, internal root (thick arrow) and external root (wavy arrow) sheaths. Note congested blood vessels (v).

Fig 7: Photomicrographs of sections in the skin of (caspase3 immunostaining,x100). a: group I showing few Caspase3 +ve immunostained 
cells (arrows) in the superficial layers of the epidermis. b: subgroup IIa showing multiple +ve epidermal cells (arrows) and multiple +ve cells 
extending down among the dermis (arrowheads). c: subgroup IIb showing multiple +ve cells among the epidermis (arrows) and multiple  +ve 
cells extending down among the dermis (arrowheads). 
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Fig 8: Photomicrographs of sections in the skin of (caspase3 immunostaining,x100). a: subgroup IIIa showing some +ve cells among the 
epidermis (arrows). b: subgroup IIIb showing few +ve cells among the epidermis (arrows). 

Fig 9: Photomicrographs of sections in the skin of  (CD44 immunostaining, x200). a: group I showing negative CD44 immunostaining among 
the epidermis (E), hair follicles (F) and sebaceous glands (S) in the dermis. b: subgroup IIa showing some +ve spindle cells (arrows) in the 
epidermis (E) and multiple +ve spindle cells (arrows) in the dermis (D) at the wound margin. c: subgroup IIb showing some +ve spindle cells 
(arrows) in the epidermis (E) and dermis (D) at the wound margin
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Fig 10: Photomicrographs of sections in the skin of subgroup IIIa showing (CD44 immunostaining, x200). a: multiple +ve spindle cells 
(arrows) in the epidermis (E) and dermis (D) at the wound margins. b: multiple +ve spindle cells (arrows) in a hair follicle (F), in  the dermis 
(D) and hypodermis (H). 

Fig 11: Photomicrographs of sections in the skin of subgroup IIIb showing (CD44 immunostaining, x200). a: few +ve spindle cells (arrows) 
in the epidermis (E) and dermis (D) at the wound margins. b: multiple +ve spindle cells (arrows) in hair follicles (F) and some +ve spindle 
cells (arrows) in the dermis (D) and hypodermis (H).
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DISCUSSION                                                                  

The current study demonstrated ameliorating 
effect of garlic extract (GE) on the healing of induced 
wound in non-diabetic and diabetic rats. This was 
evidenced by histological, immunohistochemical, and 
morphometric studies. Animal models were reported 
to be an efficient method to study wound healing, 
but often lack correlation with human acute wound 
healing. Human wound models can be created using 
sharp instruments[14]. Wounds are major concerns for 
the medical staff and seriously reduce the quality 
of life of the patient. Furthermore, skin wound is a 
public health problem with high cost and ineffective 
treatment[15]. Thus, the attempt to quickly close the 
skin lesions with ideal functional results would be the 
goal of clinical treatment[16].

In subgroup IIa (Non-diabetic wounded subgroup 
sacrificed 2weeks following wound induction), 
separation of the wound edges, detached fibers of 
the horny layer and impacted keratin between the 
epidermal layers were observed. In agreement, it was 
stated that, within the 2nd week following experimental 
wound induction skin defects may be still extensive[17]. 
It was also postulated that, the treatment and care of 
surgical wounds restricted only to supportive care is 
associated with acute hypoxia. The latter condition is 
induced by the clotting of dermal blood vessels during 
the wounding of skin, which is a major stress factor 
that leads to the re-programming of basal keratinocytes 
to initiate re-epithelialization. The laterally migrating 
keratinocytes secrete extracellular heat shock protein 
90 that engages cellular receptors and works as an 
autocrine factor to stimulate keratinocyte migration 
(re-epithelialization). Hypoxia-triggered extracellular 
heat shock protein 90 alpha acts as the master regulator 
of initial skin wound healing[18].

In addition, in subgroup IIa epidermal thickening 
at one side and diffuse eosinophilic homogenous 
material extending among the other side were 
observed. Nuclear margination in multiple vacuolated 
epidermal cells was noticed. These changes indicated 
limited inflammatory and degenerative changes at the 
wound site. Concomitantly, it was mentioned that the 
progressive interaction between microbial species and 
the host is an interactive process that helps evolving 
an acute-phase infection[19]. It was recorded that 
by the end of the 1st week following experimental 
wound induction, necrosis and inflammatory cells 
were extending to the subcutaneous layer. It was also 
commented that absence of hair follicles and skin 
glands in addition to disorganized dermal-epidermal 
layers were found by the end of the 2nd week following 
experimental wound induction[17].

In subgroup IIa, separation of the underlying 
connective tissue (C.T) fibers, some blood vessels, 

multiple extravasated RBCs and eosinophilic 
homogeneous material were obvious among the 
dermis. These changes pointed to the formation of 
granulation tissue. Going with the previous results, 
it was confirmed that the angiogenic process, thus 
stimulates cellular motility and mitosis in endothelium 
and leads to the formation of new capillaries[20].

In subgroup IIb (Non-diabetic wounded subgroup 
sacrificed 3 weeks following wound induction), less 
obvious separation of the epidermal edges of the 
wound, less thickening of the epidermis and less 
eosinophilic homogenous material, cellular debris 
in occasional wide vacuolated areas, detached small 
superficial parts of the epidermis and occasional 
congested blood vessels were found. These changes 
indicated progressive wound healing corresponding 
to longer duration following wound induction in the 
absence of infection. In agreement, it was postulated 
that angiogenesis and matrix remodeling developing in 
wound healing are promoted by activation of cell cycle 
and cell proliferation executed in a timely and orderly 
manner[21]. In addition, collagen has a well-established 
function in wound healing[22]. It is the main component 
which strengthens and supports extra cellular tissue[23].

Sections in the skin of control rats showed few 
Caspase3 +ve immunostained cells in the superficial 
layers of the epidermis. In subgroups IIa and IIb, 
multiple +ve epidermal cells and multiple +ve cells 
extending down among the dermis were seen. The 
multiplicity of +ve cells was less apparent in subgroup 
IIb compared to subgroup IIa. A significant increase 
in the mean area% of caspase3 +ve cells was found 
in subgroups IIa and IIb compared to control group.
The previous results were confirmed by Liu et al[24], 
who reported that  excessive oxidative stress alters 
the expression levels of apoptosis-related genes and 
triggers cell apoptosis through bcl-2, bax and caspase-3 
signaling pathways. A recent study on wound healing 
estimated the rate of apoptosis by calculating the 
number of caspase-3 positive cells over the total 
number of cells per high-powered field (20X) averaged 
over ten images[25]. Talebizadeh et al[26] recorded that 
the changes in proteins expression regulate apoptosis 
and cellular recovery from damage. Caspase-3 is one of 
the important proteins in the completion of apoptosis. 
It was added that information on active caspase-3 will 
be useful both to understand the molecular biology 
of apoptosis and as a tool to study effects of damage 
to the epithelium such as oxidative insult. Jadhav                              
et al[27] documented that apoptosis was observed when 
cleaved-caspase-3 immunohistochemical staining was 
used. An inverse relation exists between caspase3 
expression and wound healing.

On the other hand, in a recent study performed 
on traumatic brain injury, degeneration, cellular loss, 
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apoptosis, programmed cell death pathways were 
estimated by determination of caspase3 expression 
and apoptosis-inducing factor (AIF). Unchanged 
expression of active caspase-3 at all post-injury time 
points was found, but there was increased expression 
of AIF on day 7[28].

Sections in the skin of rats in subgroup IIa 
demonstrated some CD44+ve spindle cells in the 
epidermis and multiple +ve spindle cells in the dermis 
at the wound margins. While in subgroup IIb, some +ve 
spindle cells were found in the epidermis and dermis at 
the wound margins. These findings indicated decreased 
multiplicity of MSCs 3 weeks following wound 
induction, which can be related to more differentiation 
of MSCs into various skin components by progression 
of wound healing. In line with, it was mentioned that 
the epithelial-mesenchymal transition is one of the 
major factors that affect cell migration associated 
with wound healing and tissue regeneration[29]. This 
was referred to their ability to self-renew and their 
capability to differentiate into various cells[30].

In subgroup IIIa (Non-diabetic wounded and GE 
treated subgroup sacrificed 2weeks following wound 
induction and treatment), localized separation of 
epidermal edges, localized homogeneous acidophilic 
material in epidermis, discontinuity of granular and 
horny cell layers and occasional impacted keratin 
whorls, few vacuolated cells with nuclear margination 
and occasional localized vacuolated areas containing 
cellular debris were seen. Some hair follicles and 
related sebaceous glands were seen deep in the dermis. 
Separation of some C.T fibers was noticed. The 
previous results indicated more pronounced healing in 
response to local GE application. In accordance, there 
has been extensive scientific interest in the evaluation 
of the wound healing activity of medicinal plants[31].

In subgroup IIIb (Non-diabetic wounded and GE 
treated subgroup sacrificed 3weeks following wound 
induction and treatment), small detached parts of 
horny layer and focal separation of epidermal edges 
were found. Some follicles with related sebaceous 
glands, microfollicles and multiple deep follicles 
were detected in the dermis. Few epidermal cells 
demonstrated nuclear margination. Some of the deeper 
follicles showed the medulla and occasional ones 
demonstrated medulla, cortex of hair, internal root and 
external root sheaths. In confirmation, a significant 
increase in the mean distance between the epidermal 
edges was found in subgroup IIa compared to group 
III and in subgroup IIIa compared to subgroup IIIb. A 
significant increase was found in the mean thickness of 
the epidermis in subgroup IIa, compared to control and 
subgroup IIIb. Going with the previous results, it was 
mentioned that the enhanced healing effect induced 
by GE application can be related to the antioxidative 

role of allicin in stress-related cellular deficits. In 
addition, allicin can improve T cell subsets distribution 
through its immunomodulatory activity as proven by                               
Gao et al.[33].

The anti-inflammatory and antimicrobial effect of 
GE was also recorded in various studies. Wu et al.[34] 
confirmed the unique bactericidal effect of allicin on 
biofilms.

In subgroup IIIa some caspase3 +ve epidermal 
cells, while in subgroup IIIb, few +ve cells were 
found among the epidermis. A significant increase in 
the mean area% of  caspase3 +ve cells was reported 
in group II compared to control and group III. In 
agreement, Chen et al[35] stated that caspase-3 is 
considered the main terminal cleavage enzyme in the 
apoptosis process and is responsible for the cleavage 
of the DNA repair enzyme, which is another hallmark 
of apoptosis. Allicin was proved to reduce the 
cleavage mechanism of caspase-3, consequently the 
role of allicin in preventing apoptosis was evidenced. 
On the other hand, Zhang et al[36] reported that allicin 
increases apoptosis when used in high concentrations 
and for long durations.

Regarding CD44 immunostained sections, 
in subgroup IIIa multiple +ve spindle cells were 
demonstrated in the epidermis, dermis, hair follicles 
and hypodermis. In subgroup IIIb, few +ve spindle 
cells were seen in the epidermis and dermis, some +ve 
spindle cells in hypodermis, in addition to multiple 
+ve spindle in hair follicles, A significant increase in 
the mean area% of CD44 +ve cells was found in group 
III compared to group II. The previous data indicated 
increased MSCs marker expression. In line with, 
Park et al[37] documented that SCs accelerate wound 
closure with an increased level of re-epithelialization, 
neovascularization, and regeneration of skin 
appendages. Concomitantly, Li et al[38] proved that 
postnatal stem/progenitor cells hold great promise to 
enhance repair of damaged tissues. Many of these cells 
are retrieved from bone marrow or adipose tissue. They 
were described as fibroblastic cells, plastic-adherent 
and exhibit a surface marker profile positive for CD73, 
CD44, CD90. They were defined by the International 
Society for Cellular Therapy as MSCs.

CONCLUSION                                                            

In conclusion, GE constituting allicin as active 
constituent proved amelioration of the inflammatory, 
degenerative, necrotic and apoptotic changes 
developing at the wound site during healing in rats. 
This therapeutic effect was proved to be related to both 
caspase3 pathway inactivation and MSC migration 
activation. This suggests GE or its active constituent, 
allicin to be applied in appropriate concentrations in 
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the preparation of pharmaceutical products to be used 
safely on epithelial cells.
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الملخص العربى

دراسة هستولوجية علي أثر مستخلص الثوم على الجرح المحدث 
فى ذكر الجرذ: الدور المحتمل للخلايا الجذعية الداخلية

محمود رضا* لمياء ابراهيم عبدالفتاح**، داليا حسين حلمى، 
أسماء محمود مصطفى# و ليلى أحمد راشد^

اقسام الجراحة العامة جامعة مصر للعلوم و التكنولوجيا*، الهستولوجيا كلية الطب جامعة 
القاهرة** و جامعة بنى سويف#، الكيمياء الحيوية كلية الطب جامعة القاهرة^

الخلفية و الأهداف: الجروح المزمنة تمثل مشكلة صحية كبيرة. هناك حاجة لطرق علاجية حديثة لالتئام الجروح. يعد الثوم 

(اليام ساتيفم) مضادا للاكسدة و مضادا للبكتيريا و مضادا للكوليسترول. يهدف العمل الحالى لفحص التأثير العلاجى المحتمل 

لمستخلص الثوم على الجرح المحدث فى ذكر الجرذ. تم تحديد الدور المحتمل للخلايا الجذعية الداخلية.

الطرق: ستة و عشرون من ذكور الجرذان البالغة تم تقسيمهم الى: مجموعة ₂ ( مجموعة ضابطة): ستة جرذان لم يتعرضوا 

لاحداث الجرح. مجموعة ₂₂ : عشرة جرذان تعرضوا لاحداث الجرح و تم تقسيمهم الى مجموعة فرعية ₂₂ أ و ₂₂ ب ، 

خمسة حيوانات فى كل منها، تمت التضحية بهم بعد اسبوعين و ثلاثة اسابيع من احداث الجرح. مجموعة ₂₂₂  ( الجرح و 

العلاج بمستخلص الثوم): عشرة جرذان تعرضوا لاحداث الجرح ثم تم تقسيمهم مثل المجموعة ₂₂. 0.5 مل 1 % مستخلص 

لدراسات  به) تعرضوا  الجرح و منطقة سليمة محيطة  الجلد (تشمل  الجرح. قطاعات  بعد احداث  المكان  تم وضعها فى  الثوم 

هستولوجية و هستوكيميائية مناعية و قياسية و احصائية.

النتائج: وجد فى الجرذان المجروحة تغيرات مورفولوجية تدل على الالتهاب و التنكس. مع استخدام مستخلص الثوم تراجعت 

تلك التغيرات بشكل لافت للنظر. تراجع الموت المبرمج للخلايا تم تاكيده بالصباغة المناعية ل كاسبيز3 و تنشيط الخلايا الجذعية 

تم اثباته بالصباغة المناعية ل سى دى 44.

الجذعية  الخلايا  هجرة  تنشيط  و  كاسبيز3  مسار  تعطيل  من  بكل  يتعلق  انه  ثبت  الثوم  لمستخلص  العلاجى  التأثير  الخلاصة: 

الوسيطة. يقترح وضع مستخلص الثوم بتركيزات مناسبة فى تحضير المنتجات الصيدلية ليستخدم بامان على الخلايا الطلائية 

فى رعاية الجروح. 


