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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 cm?) 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-0) and interleukin-1 beta
(IL-1B), 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
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intramuscularly [15]. Following aseptic prepara-
tion, each rabbit underwent the creation of two
full-thickness skin wounds (4 cm?) 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 pm 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-



nvvm.btsau.edu.ua

HayxkoBuii BicHUK BeTepuHapHOi MeaumuaM, 2025, No 2

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) 3" 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).
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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].

Fig. 3. A cross-section of the skin histologically: (A) 14™ day showed significant dermal myofibers

proliferation (black arrow), inflammatory exudates (green arrow) (H and E, 10X). (B) 14" 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) 21" day reveals slight fibrous connective

tissue proliferation (black arrow), not remarkable inflammatory exudates (green arrow) (H and

E, 10X). (B) 14" day reveals fibrosis (black arrow), inflammatory exudates (green arrow), hair
follicles dilatation (red arrow), sebaceous glands proliferation (yellow arrow) (H and E, 10X).
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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-o and IL-1f, 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-p, plays a pi-
votal role. IL-10 dampens excessive inflamma-
tion and inhibits T-cell activation, while TGF-p 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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AyTosoriyHa TpaHCIUIAHTaligs mkipn 3
BHKOPHCTAHHSIM BOIHOTO €KCTPAKTY J1aBPOBOIo
aucta (Laurus nobilis L.)

Aabbo3axpi x.M.K., Xynaep A.M.

MeTor0 IHOTO AOCHTIIKEHHS OyIia OIiHKa BIUIH-
BY BOJHOTO €KCTPakTy JaBpoBoro jiucra (Laurus
nobilis) Ha TICTONOTIYHMHA PO3BUTOK 3arO€HHS
IIKIPHOTO TpaHCIUIAHTaTa y KpoiwkiB. I'pyma A
(xoHTpONBHA) Ta Tpyna B (JIiKyBaHHSA €KCTPaKTOM
JIaBPOBOTO JINCTA) OyJIM BUIIaAKOBUM YNHOM PO3IO-
JIJIEH] TI0 MIICTHAMIATH KIIHIYHO 3I0POBHX JOPOC-
JUX KPOJIMKIB 000X craTeit Baroro 1,25-2 kr. Ycim
TBaprHaM OYJIO NMPOBEACHO CTEPHIIbHE XipypridHe
CTBOPEHHSI TIOBHOTOBCTOI MIKipHOI paHu (4 cm?)
JBOCTOPOHHBO Ha >KMBOTI 3 YAaCTKOBOIO IIKipHOIO
IJJACTHKOK B KOXHIM JUIstHIN. bBiomncii TkaHWHH
mkipu Oymm 3i6pani B 06ox rpynax Ha 3, 7, 14 Ta
21-my o0y ans ricronoriyHoro anamizy. Ha 3-tio
no0y y rpymi B croctepiramocsi 3MeHIIICHHS 3arma-
JIeHHS Ta HAOpSAKY MIKIpH HOPIBHSHO 3 Tpymnoro A.
Ho 7-i nobu oO6pobiieHi paHU JEMOHCTPYBAIH IIO-
KpallleHy OpTraHi3ailif0 KoJareHy, pPO3IIUPCHHS
BOJIOCSHUX (DONIKYJIIB Ta MOMIpHI CYAWHHI 3MiHH,
THMYacOM Y KOHTPOJBHHX paHax CIOCTepiranocs
BHpaxkeHe 3ananeHHs. Ha 14-ty 100y y 00pobieHux
paHax CIIOCTepiraBcs 3HaYHUH IepMaIbHuN Giopo3
Ta iHQUIBTpaIlis MOHOHYKJICAPHUMH KIITHHAMH 3
€H/IOTEIaJIbHOIO TiNepIuia3icro, THMYacoM y KOH-
TPOJIBHUX paHax CIIOCTepirayiacs BUpakeHa IMPoJTi-
(eparis canbHUX 3a103 Ta 3aNaJbHUN ekcyaar. Ha
21-my noOy panu rpynu B nemoHcTpyBanu Oinbl
3pinuii gibpo3 Ta 3amo3mcty mporidepario, HiX
rpymna A, sika Bce IIe Maja MiHIMaJlbHY pereHepa-
IO CIIOJIYYHOT TKAaHUHHU. MICIIeBO 3aCTOCOBYBaHHIA
BOJHUI EKCTPAKT JIABPOBOTO JINCTA MOKE 3HAYHO
MIPULIBUIIATH 3arO€HHS IIKIPHOTO TpaHCIUIAHTa-
Ta y KPOJIMKIB 3aBIISIKH MOCWUJICHHIO MOJIYJISLIT 3a-
MAJICHHS] Ta PereHeparii TKaHUH, 10 TaK0X MOXKE
OyTH TPUPOTHUM TEPAIEBTHYHUM 3aCO0OM IS JTi-
KyBaHHsI IHIIMX paH y MailOyTHbOMY.

Kurro4oBi cJjioBa: TaBpOBHii JIUCT, MIKipHA TIJ1ac-
THKa, KPOJIMK, IPOTU3aAIbHHIM 3aci0.
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