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Assessing the impact of aqueous bay leaf (Laurus nobilis) extract 
on the histological development of skin graft healing in rabbits 
was the aim of this investigation. Group A (control) and Group B 
(treatment with bay leaf extract) were randomly assigned to sixteen 
clinically healthy adult rabbits of both sexes, weighing 1.25–2 kg. 
All animals underwent sterile surgical creation of full-thickness skin 
wounds (4 cm²) bilaterally on the abdomen, with partial skin grafting 
at each site. Skin tissue biopsies were collected from both groups on 
days 3, 7, 14, and 21 for histological analysis. On day 3, Group B  
exhibited reduced dermal inflammation and edema compared to 
Group A. By day 7, the treated wounds showed enhanced collagen 
organization, hair follicle dilatation, and moderate vascular changes, 
while control wounds displayed pronounced inflammation. On  
day 14, treated wounds demonstrated extensive dermal fibrosis and 
mononuclear cell infiltration with endothelial hyperplasia, whereas 
control wounds showed severe sebaceous gland proliferation 
and inflammatory exudate. At day 21, Group B wounds showed 
more  mature fibrosis and glandular proliferation than group A, 
which was still with minimal connective tissue regeneration, 
topically applied bay leaf aqueous extract significantly can accelerate 
skin graft healing in rabbit via enhancing inflammation modulation 
and tissue regeneration too, may be a natural therapeutic agent for 
treatment of other wound in future.
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Introduction. Skin transplantation remains 
a critical surgical procedure for managing con-
ditions that result in extensive skin loss, such as 
deep burns, chronic ulcers, and severe traumatic 
injuries [1, 2]. Autologous skin transplantation, 
which involves grafting skin from a donor site 
to a recipient site on the same individual, is the 
gold standard as it circumvents the issue of al-
logeneic immune rejection [3–5]. However, the 
success of auto grafts is not guaranteed; it can 
be compromised by localized complications, pri-
marily an exaggerated inflammatory response at 
the graft site [6, 7].

This dysregulated immune reaction is char-
acterized by the overproduction of pro-inflam-
matory cytokines, including tumor necrosis 

factor-alpha (TNF-α) and interleukin-1 beta  
(IL-1β), and increased oxidative stress. These 
factors can lead to graft damage, impaired  
integration, and poor cosmetic outcomes with 
excessive scarring [8–10]. Therefore, strategies 
to modulate this initial immune response are cru-
cial for enhancing graft survival and promoting 
optimal regeneration.

Natural plant extracts with known anti-in-
flammatory and immunomodulatory properties 
offer a promising therapeutic avenue. The bay 
leaf (Laurus nobilis L.) water extract is rich in 
bioactive compounds such as polyphenols and 
sesquiterpene lactones, which have demonstrat-
ed potent anti-inflammatory and antioxidant  
effects in various models [11,12]. We hypothe- 
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size that the topical application of this extract 
following autologous skin transplantation will 
suppress key pro-inflammatory pathways, miti-
gate oxidative damage, and consequently create 
a more favorable microenvironment for graft ac-
ceptance and tissue repair. 

The aim of this study was to evaluate histo-
logically the effect of an aqueous bay leaf extract 
(Laurus nobilis L.) on healing of skin grafts in 
rabbits in terms of inflammation, collagen syn-
thesis, and tissue repair

Materials and Methods. 
Ethical Approval. This study was approved 

by the Research Ethics Committee of the Col-
lege of Veterinary Medicine, University of Ker-
bala (Approval No. 1412 P.G., issued March 15, 
2024). All experimental procedures were con-
ducted in accordance with institutional animal 
care guidelines and international animal welfare 
standards.

Experimental Animals. In this investigation, 
sixteen adult rabbits of both sexes, weighing 1.25 
to 2.0 kg, were in good clinical health. The animals 
were divided into two equal groups at random: 
Group B (therapy group): Wounds treated with an 
aqueous extract of Laurus nobilis L., while Group 
A (Control group) received no therapy.

Every animal was kept separately in stain-
less-steel cages at the University of Kerbala's 
College of Veterinary Medicine under standard 
laboratory settings, which included a 12-hour 
light/dark cycle, a temperature of 22 ± 2 °C, 
and a relative humidity of 50–60%. The animals 
were acclimated for a week before the experi-
ment and were provided with unlimited access 
to food and water.

Preparation of Aqueous Extract of Laurus 
nobilis L. The aqueous extract of Laurus nobi- 
lis L. leaves was made using the procedure out-
lined by Duda-Chodak and Tarko (2007) [14]. 
To put it briefly, 250 g of fresh bay leaves were 
thoroughly cleaned under running water and al-
lowed to air dry for five to seven days at room 
temperature. A laboratory mixer was then used 
to break the dry leaves into a coarse powder. 
Using an electric mixer, the powder was mixed 
with 50 milliliters of deionized water and let to 
remain at room temperature for a full day. Af-
ter filtering the mixture through Whatman No. 1  
filter paper, the filtrate was gathered and kept  
at 4 °C until it was needed.

Surgical Procedure and Wound Induc-
tion. All animals were anesthetized using a com-
bination of Tramadol hydrochloride (10%, Ibn 
Hayyan Pharm., Syria) at 15 mg/kg body weight 
and Ketamine hydrochloride (10%, Alfasan, 
Holland) at 50 mg/kg body weight, administered 

intramuscularly [15]. Following aseptic prepara-
tion, each rabbit underwent the creation of two 
full-thickness skin wounds (4 cm²) on both lat-
eral sides of the abdomen using a sterile surgical 
blade [13]. One wound was left to heal by sec-
ondary intention, and the other was closed using 
autologous skin grafting.

In Group B, Following the autologous 
transplantation procedure, the grafted area was 
managed as follows. The wound was topically 
applied with aqueous bay leaf extract using a 
sterile cotton swab or syringe. Immediately af-
ter, the entire wound area was covered with a 
primary layer of sterile, non-adhesive vaseline 
gauze to prevent the dressing from adhering to 
the graft. This was followed by a secondary, 
absorbent layer made of sterile gauze pads. Fi-
nally, the dressing was secured in place with a 
cohesive bandage wrap to provide protection 
and mild pressure. The dressings were changed, 
and the extract was re-applied, every day for five 
days. Group A received no treatment. 

Skin Biopsy Collection and Histological 
Evaluation. Skin biopsy samples were col-
lected from all rabbits under general anesthe-
sia at each time point (days 3, 7, 14, and 21). 
General anesthesia was induced using the same 
protocol as for the initial surgery, involving an 
intramuscular injection of a combination of Ket-
amine hydrochloride (10%, Alfasan, Holland) at  
50 mg/kg body weight and Tramadol hydro-
chloride (10%, Ibn Hayyan Pharm., Syria) at  
15 mg/kg body weight. No euthanasia was per-
formed, as biopsies were taken from the wound 
margin without sacrificing the animals. After be-
ing removed from the incision site, tissue samples 
were promptly preserved in 10% neutral-buf- 
fered formalin. The samples were prepared for 
light microscopic analysis after 48 hours, em-
bedded in paraffin, sectioned at a thickness of  
5 μm by microtome (Lica, China) and stained 
with hematoxylin and eosin (H&E) [16]. Histo-
logical features were evaluated to assess inflam-
mation, collagen deposition, neovascularization, 
and tissue regeneration by integrated microscope 
camera system (Biozek, Holland).

Results. In the first three days after surgery, 
all animals remained clinically healthy and ex-
hibited normal feeding and behavior. No signs 
of systemic illness or infection were observed in 
either group. Wound sites appeared macroscop-
ically clean, and aseptic conditions were con-
firmed throughout the experimental period.

As early as day three, the histological exam-
ination showed that wounds in Group A (control) 
displayed a mild inflammatory reaction with der-
mal infiltration of inflammatory cells and mode- 
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rate edema in the interstitial space. In addition to 
this, there was pronounced follicular dilatation, 
some vascular congestion of the blood vessels 
supplying the skin, and early phases of sebaceous 
gland growth Type 1 arrows indicate marked 
changes (Fig. 1). On the other hand, Group B 
(received treatment with bay leaf extract) exhi- 
bited less inflammatory infiltration compared to 
previous assessments which is hallmark sign of 
an improved outcome with less dermal edema or 
an preserved inflammatory response.

In day seven group B wounds demonstrated 
significant improvements, including well-orga-
nized collagen fiber bundles, notable dilatation 
of hair follicles, moderate vascular congestion, 

and dense infiltration of inflammatory cells  
(Fig. 2). These features indicated a transition 
from the inflammatory to the proliferative phase. 
In comparison, Group A tissues showed marked 
sebaceous gland proliferation, vascular conges-
tion with evidence of thrombosis, and moderate 
inflammatory exudates.

In day fourteen wounds in Group B showed 
extensive dermal fibrosis with abundant collagen 
band formation, dense mononuclear cell infiltra-
tion, and endothelial hyperplasia. In contrast, 
Group A displayed disorganized dermal archi-
tecture with pronounced myofiber proliferation, 
severe sebaceous gland hyperplasia, and abun-
dant inflammatory exudates (Fig. 3).

Fig. 1. A cross-section of the skin histologically: (A) 3rd day revealed mild inflammatory dermal 
infiltration (black arrow), slight inflammatory edema (green arrow) (H and E, 10X). (B) 3rd day 
revealed significant proliferation of sebaceous glands (black arrow), sever hair follicle dilatation 

(green arrow) and mild vascular congestion (red arrow) (H and E, 10X).

Fig. 2. A cross-section of the skin histologically: (A) 7th day revealed significant congestion 
of blood vessels with significant thrombosis (black arrow), marked proliferation of sebaceous 
glands (green arrow) and moderate inflammatory exudation (red arrow) (H and E, 10X). (B) 7th 
day showed significant collagen bands proliferation (fibrous connective tissue) (black arrow), 
marked dilatation of hair follicles (green arrow), moderate vascular congestion (red arrow) and 

sever infiltration of inflammatory cells (yellow arrow) (H and E, 10X).



148

Науковий вісник ветеринарної медицини, 2025, № 2                                                         nvvm.btsau.edu.ua

Fig. 3. A cross-section of the skin histologically: (A) 14th day showed significant dermal myofibers 
proliferation (black arrow), inflammatory exudates (green arrow) (H and E, 10X). (B) 14th day 
reveals extensive dermal fibrosis (collagen bands proliferation) (black arrow), sever inflamma-
tory cells infiltration mainly mononuclear cells (green arrow) with hyperplasia of blood vessels 

endothelia (yellow arrow) (H and E, 10X).

Fig. 4. A cross-section of the skin histologically: (A) 21th day reveals slight fibrous connective 
tissue proliferation (black arrow), not remarkable inflammatory exudates (green arrow) (H and 
E, 10X). (B) 14th day reveals fibrosis (black arrow), inflammatory exudates (green arrow), hair 
follicles dilatation (red arrow), sebaceous glands proliferation (yellow arrow) (H and E, 10X).

In day twenty one group B samples exhibited 
mature fibrosis, dilated hair follicles, sebaceous 
gland proliferation, and minimal residual exu-
date, indicating near-complete tissue remodel-
ing. Meanwhile, Group A presented only slight 
fibrous tissue proliferation with non-significant 
inflammatory exudation (Fig. 4). 

The success of the graft is highly depen-
dent on rapid revascularization. Delays in this 
process can result in partial graft necrosis. Fur-
thermore, a pronounced inflammatory response 
at the graft site can impede integration and pro-
mote fibrosis [22].

Discussion. Wound healing is a highly 
coordinated process involving inflammation, 

cellular proliferation, extracellular matrix 
deposition, and tissue remodeling. The current 
study demonstrates that topical application of 
Laurus nobilis L. (bay leaf) aqueous extract 
significantly enhances the histological features 
associated with wound healing in rabbits un-
dergoing skin graft procedures [17].

On day 3, reduced inflammatory infiltration 
in the treated group suggests that bay leaf extract 
is anti-inflammatory, presumably due to its bio-
active compounds such as flavonoids and phe-
nolic acids, which have been shown to inhibit 
protein denaturation and inflammatory cytokine 
production [17, 18].



149

nvvm.btsau.edu.ua                                                         Науковий вісник ветеринарної медицини, 2025, № 2  

More collagen alignment and vascular activi-
ty were noted by day 7 in the treated group, which 
are important indicators of the proliferative phase. 
Correlation is direct between collagen fiber align-
ment and increased tensile strength, which is vi-
tal for sustaining long-term wound stability [19]. 
Lack of edema and tissue damage with diffuse in-
flammatory cell infiltration within treated wounds 
indicates controlled and productive inflammation 
for healing and tissue regeneration.

On day 14, the noted fibrosis, mononuclear 
infiltration, and endothelial hyperplasia in the 
treatment group are indicative of continued an-
giogenesis and matrix remodeling. This accords 
with prior findings that plant extracts can cause 
modulation of fibroblast activity and cause vascu-
lar growth [20].

By day 21, the treated group had more devel-
oped healing features, including mature fibrous 
tissue and reduced inflammation, whereas control 
wounds were at earlier stages of healing. This 
shows that bay leaf extract heals quickly as well 
as improves tissue quality [21].

The extract’s effectiveness in promoting ep-
ithelial migration, angiogenesis, and collagen 
deposition suggests its potential use as a natural 
therapeutic agent in wound care. The positive im-
pact observed in both normal and grafted tissues 
reinforces the utility of bay leaf extract in enhanc-
ing graft integration and minimizing complica-
tions such as inflammation and delayed healing.

The activation of regenerative processes in 
damaged skin during autologous transplantation 
is primarily mediated by a finely orchestrated 
immune response. Unlike allogeneic transplants, 
auto grafts circumvent major histocompatibility 
complex (MHC)-mediated rejection, allowing the 
immune system to focus on wound healing and tis-
sue regeneration rather than graft destruction [22].  
The key regenerative mechanisms include:

Attenuation of Pro-inflammatory Signaling:  
A critical shift from a pro-inflammatory to  
a pro-regenerative phase is essential. Early, con-
trolled inflammation is necessary for debridement, 
but its prolonged state, characterized by elevated 
levels of cytokines such as TNF-α and IL-1β, can 
impede healing and damage the graft [23].

Promotion of Anti-inflammatory Pathways: 
The up regulation of anti-inflammatory cyto-
kines, particularly IL-10 and TGF-β, plays a pi- 
votal role. IL-10 dampens excessive inflamma-
tion and inhibits T-cell activation, while TGF-β is  
a potent stimulator of fibroblast proliferation and 
collagen deposition, which are crucial for recon-
structing the extracellular matrix [24].

Activation of Pro-regenerative Immune Cells: 
Specific immune cell populations, such as M2 
macrophages, are instrumental. These cells are 
activated in a supportive cytokine environment 

and contribute to tissue repair by secreting growth 
factors like VEGF (promoting angiogenesis) and 
PDGF (stimulating fibroblast migration) [25].

Conclusions. This study demonstrates that 
topical application of Laurus nobilis L. aqueous 
extract significantly enhances skin graft healing 
in rabbits through distinct histological improve-
ments. The extract accelerated the inflammatory 
phase resolution, promoted organized collagen 
deposition, and facilitated advanced tissue re-
modeling compared to controls. These findings 
validate the extract's role as an effective natural 
wound-healing modulator. Future studies should 
focus on identifying the active compounds and 
evaluating clinical applications in wound mana- 
gement.
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Аутологічна трансплантація шкіри з 
використанням водного екстракту лаврового 
листя (Laurus nobilis L.)

Альбозахрі Дж.М.К., Худаєр А.М.
Метою цього дослідження була оцінка впли-

ву водного екстракту лаврового листа (Laurus 
nobilis) на гістологічний розвиток загоєння 
шкірного трансплантата у кроликів. Група А 
(контрольна) та група B (лікування екстрактом 
лаврового листа) були випадковим чином розпо-
ділені по шістнадцять клінічно здорових дорос-
лих кроликів обох статей вагою 1,25–2 кг. Усім 
тваринам було проведено стерильне хірургічне 
створення повнотовстої шкірної рани (4 см²) 
двосторонньо на животі з частковою шкірною 
пластикою в кожній ділянці. Біопсії тканини 
шкіри були зібрані в обох групах на 3, 7, 14 та 
21-шу добу для гістологічного аналізу. На 3-тю 
добу у групі B спостерігалося зменшення запа-
лення та набряку шкіри порівняно з групою А. 
До 7-ї доби оброблені рани демонстрували по-
кращену організацію колагену, розширення 
волосяних фолікулів та помірні судинні зміни, 
тимчасом у контрольних ранах спостерігалося 
виражене запалення. На 14-ту добу у оброблених 
ранах спостерігався значний дермальний фіброз 
та інфільтрація мононуклеарними клітинами з 
ендотеліальною гіперплазією, тимчасом у кон-
трольних ранах спостерігалася виражена пролі-
ферація сальних залоз та запальний ексудат. На 
21-шу добу рани групи B демонстрували більш 
зрілий фіброз та залозисту проліферацію, ніж 
група A, яка все ще мала мінімальну регенера-
цію сполучної тканини. Місцево застосовуваний 
водний екстракт лаврового листа може значно 
пришвидшити загоєння шкірного транспланта-
та у кроликів завдяки посиленню модуляції за-
палення та регенерації тканин, що також може 
бути природним терапевтичним засобом для лі-
кування інших ран у майбутньому.

Ключові слова: лавровий лист, шкірна плас-
тика, кролик, протизапальний засіб.
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