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Abstract

Background and Aim: Recently, many medicinal plants have received considerable attention in the medical field because
of their role in the wound healing potential. This study aimed to determine the effectiveness of H. tuberosus powder on the
healing pathway of full-thickness cutaneous wounds in a mouse model.

Materials and Methods: H. tuberosus powder was prepared by a freeze-drying process using a lyophilizer and its active
ingredients were evaluated by high-performance liquid chromatography (HPLC), while its antibacterial properties were
evaluated by agar well diffusion assay. The percentage wound contraction was also assessed. Thirty mice were used, which
were divided equally into two groups, a control group and a treated group. A full-thickness wound, 1 cmx1 cm in size, was
established on the dorsal aspect of the thoracolumbar region, into which H. tuberosus powder was topically applied in the
treated group. In contrast, the control group was left without any treatment. The animals were euthanized on days 7, 14, and
21 after wounding for histopathological study.

Results: The agar well diffusion method indicated the antibacterial activity of H. tuberosus, while the HPLC results indicated
that the active ingredients of H. tuberosus powder mainly consisted of three major kinds of fatty acid. In addition, the
macroscopic results of wound contraction rate and the histopathological outcomes of the healing process were significantly

(p<0.05) enhanced in the treated group compared with those in the control group.

Conclusion: H. tuberosus powder acts as an antibacterial agent with the ability to enhance the wound healing process.

Keywords: antimicrobial activity, fatty acids, Jerusalem artichoke, medicinal plants, wound healing.

Introduction

The healing of cutaneous wounds is a complex
biological process by which skin repairs itself after
injury. This process consists of three highly integrated
steps: Inflammation, tissue proliferation, and tissue
remodeling. It involves the activation of inflammatory
cells, endothelial cells, keratinocytes, and fibroblasts,
along with the synthesis and liberation of active medi-
ators (cytokines and growth factors) to regulate tissue
repair and regeneration [ 1]. These steps and their phys-
iological constituents should occur in the appropriate
sequence and at certain times to achieve optimal func-
tion and the tensile strength of wounded area of the
original skin [2]. Different approaches are used to pro-
mote skin wound healing, such as the administration
of local or systemic antibiotics or the use of antiseptic
solutions [3]. The increasing pathogenic resistance
against currently used synthetic medicinal agents,
such as antibiotics, antifungal, and antiviral products,
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has prompted interest among many researchers in the
identification of novel antibacterial compounds orig-
inating from plants, plant-based phytochemicals as
possible alternative to antibiotics which are still used
in modern and traditional systems of medicine for the
treatment of the disease [4]. Recently, plants or chem-
ical compounds derived from plants have been used as
pharmaceutical agents for treating cutaneous wounds.
Medicinal plants play roles in wound healing through
many different mechanisms, such as decreasing the
bacterial count, enhancing angiogenesis, accelerating
the deposition of collagen, and increasing fibroblast
proliferation [5,6].

The biological properties of medicinal plants
influence key events in mammalian wound healing,
playing a key role in regulation of the wound heal-
ing pathway. They are thus considered as a source of
many macromolecules such as carbohydrates, fatty
acids, and proteins that can be used as biomaterials for
developing new candidate drugs to promote wound
healing [7,8]. About 500,000 plant species exist glob-
ally, among which only about 1% have been studied
by researchers [9].

Helianthus tuberosus, the Jerusalem artichoke,
is a sunflower that emerged in eastern North America
and is now widely distributed in the Middle East,
especially Iraq. It is 2-3 mm in length with superficial
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leaves and plump tubers [10,11]. It has been estab-
lished that this species exhibits several medical
activities, such as purgative, diuretic, and bowel
tonic effects, and has been used as a folk medicine
for managing bone fractures and cutaneous wounds,
and even for relieving pain [12]. Various studies have
also found that H. tuberosus compounds have antiox-
idant, anti-inflammatory, antimicrobial, antifungal,
anticancer, antipyretic, and analgesic effects [13-15].
Jerusalem artichoke is rich in fatty acids such as pal-
mitic acid, which resemble those present in the seba-
ceous glands in the skin [16]. These fatty acids in this
plant have been reported to possess potent antimicro-
bial-disinfectant properties in the skin [17]. Against
this background,

This study aimed to determine the effectiveness
of H. tuberosus powder on the healing pathway of
full-thickness cutaneous wounds in a mouse model.

Materials and Methods

Ethical approval

The animal utilization protocol of the exper-
iment was approved by the Animal Care and Use
Committee, College of Veterinary Medicine,
University of Baghdad, Iraq, with approval number
1929 dated 17-12-2020.

Study period and location

The study was conducted from January to
December 2020. The samples were processed at
Laboratories of the Animal House Center in the
College of Veterinary Medicine, Baghdad University.

Preparation of H. tuberosus powder

H. tuberosus was purchased from a local market
in Baghdad, Iraq, during the January 2020. The plant
was identified and authenticated by Professor Dr. Rana
H. Aloush AL- Sammarai, a botanist in the Department
of Biology, College of Sciences, University of Tikrit.
Iraq. Preparation of H. tuberosus powder was per-
formed in accordance with a modified version of
a previously reported method [18]. The plants were
washed and cleaned under tap water to eliminate soil
or any debris and then longitudinally sliced to obtain
approximately 2-mm-thick pieces using a stainless
steel knife. After that, the samples were transported
to the laboratory for a freeze-drying process using
a lyophilizer ( LG-101;Nabel, Hangzhou, China) to
remove moisture from the plants and ensure their dry-
ness. The dried slices of H. tuberosus were ground into
a fine powder 10 um in size with a laboratory mortar
grinder (Retech-Rm200, India). The final product was
a pale-brown fine powder with an aromatic smell, and
the product was kept at room temperature in a sterile
plastic package until used [18].

Antimicrobial evaluation

The antimicrobial activity of H. tuberosus was
evaluated by agar well diffusion method, as described
previously [19]. The bacterial isolates from the con-
taminated wounds were Staphylococcus aureus,

Pseudomonas aeruginosa, Klebsiella pneumonia,
and Proteus mirabilis. All of these microorganisms
were incubated in Muller—Hinton broth overnight at
37°C (the turbidity adjusted to 0.5 McFarland stan-
dards) giving 10° colony-forming units (CFU) mL™
in sterile phosphate-buffered saline. Then, 25 mL
of nutrient agar at 50°C was added in each Petri
dish and 100 puL of the diluted (10¢ CFU) bacterial
broth was added into the Petri dishes using a sani-
tized spreader. 10 min later, a well 5 mm in diameter
was made in the center of the plate with a sterilized
cork borer. Next, 40 uL of H. tuberosus solution at
four desired concentrations (100%, 50%, 25%, and
10%) was loaded in the hole and the zones of inhibi-
tion were measured in millimeters using a ruler. The
inoculated plates were then incubated at 37°C over-
night [20]. All of the above steps were carried out in
a laminar flow hood.

High-performance liquid chromatography (HPLC)

To determine the main components of H.
tuberosus powder samples, liquid chromatography
using a Shimadzu 10 AV-LC equipped with a binary
distribution pump model (LC-10A Shimadzu)
was used. The eluted peaks were monitored by a
Shimadzu SPD 10Avp detector and the data were
reported on Shimpack C-R8A (Shimadzu, Koyota,
Japan).

Animals

Thirty young adults (7-8 weeks old) Kunming
mice weighing 20-25 g were purchased from the
animal house at the College of Veterinary Medicine,
Baghdad University. The environment in the cages
was kept at temperature of 25 + 2°C, humidity 55-60%,
with a 12:12 h light/dark cycle. The animals were fed
standard pellets and tap water. The animals were ran-
domly allocated into two main groups (15 animals per
group).

Full-thickness wound creation

The mice underwent general anesthesia using
a combination of 90 mg/kg ketamine (Alfasan,
Holland) and 10 mg/kg xylazine (Rampon-Virbac
Laboratories, France) intraperitoneally. The dorsal
aspect of the thoracolumbar region was surgically
prepared and a full-thickness wound 1 c¢cmx1 cm
in size was created using a surgical scalpel (blade
No.11) on all of the animals. All wounds were left
undressed overnight and open to the environment to
encourage microbial colonization and proliferation
[21]. A skin swab was taken to determine the types of
bacteria contaminating the wound before treatment.
The animals in the control group were left untreated,
while in the treated group the animals were topically
administered 50 mg of H. tuberosus powder twice
daily during the first 5 days after injury. The changes
in wound area by contraction were measured on days
1,3,7,10, 14, and 21 after wounding as percentages
using a caliper and calculated using the following
equation [22].
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wound area day 0—

wound area day (n)

% wound closure = x 100

wound area day 0

Macroscopic evaluation

During this study, the wound area in all animals
was photographed on days 1, 3, 7, 10, 14, and 21 after
wounding to determine any signs of inflammation,
erythema, edema, necrosis, and hemorrhage, and the
times of wound contraction and closure were also
recorded.

Histopathological evaluation of excised tissue

The wound tissue samples were obtained on days
7,14, and 21 after injury. Five samples from the animals
were collected from each group for histological analysis.
The animals were euthanized with a lethal dose of ket-
amine and xylazine administered intramuscularly. Full-
thickness samples were excised using sharp and blunt
dissection and then fixed in 10% buffered formalin,
dehydrated by alcohol, cleared in xylene, and embed-
ded in paraffin wax. Serial sections of 5 um in thickness
were made using a microtome (Leica SP 1600; Leica
Microsystems, Germany) and finally stained with hema-
toxylin and eosin. The stained sections were observed
by a pathologist under a light microscope (Olympus,
A x 80T, Japan). In addition, the wound healing process
was evaluated semi-qualitatively in accordance with a
previously reported method [23] using the histopathol-
ogy grading scale shown in Table-1.

Statistical analysis

The data were collected by calculating the per-
centage contraction of the wound area in millimeters.
Histopathological analysis was also performed in both
groups. The presented numerical data are expressed
as meantstandard deviation(SD), and the statistical
significance of differences between the two groups
was analyzed by #-test using SAS version 9.4 soft-
ware (SAS Inst. Inc., Cary, NC, USA.). The differ-
ences between groups were considered significant at
P <0.05.

Results

Antimicrobial evaluation

The agar well diffusion method revealed ellip-
tical zones around the wells, indicating the anti-
microbial activity of H. tuberosus powder against
pathogenic bacteria that were previously isolated from
the contaminated wounds. Photographs of the zones
of inhibition of H. tuberosus powder against all of the
four bacteria are shown in Figure-1. The sizes of the
zones on the respective plates as measured using a
ruler are shown in Table-2.

HPLC

The HPLC results indicated that the pri-
mary components of H. tuberosus were fatty acids,
mainly consisting of palmitic acid, stearic acid, and

myristic acid, at concentrations of 26.15%, 26.08%,
and 25.21%, respectively (Table-3).

Table-1: Wound histopathology grading scale.

S. No. Finding

1 Epidermal
hyperplasia

Score Description

None

Minimal

Mild

Moderate

Marked

None

Minimal: <1/3 of wound

surface covered by

epithelium

2 Partial:>1/3 but <2/3 of
wound surface covered by
epithelium

3 Extensive >2/3 of wound
surface mostly covered by
epithelium

4  Complete: All wound

surface covered by

epithelium

Wound unhealed, devoid

of granulation tissue

1 Wound filled with only
immature collagen

2 Wound filled by immature
and mature collagen

3 Wound mostly filled by
mature collagen with
some immature

4  Wound completely filled by

mature collagen

None

Minimal

Mild

Moderate

Marked

None

Minimal

Mild

Moderate

Marked

2 Re-epithelization

HOM~AWNFHO

3 Granulation 0
tissue

4 Inflammatory
cell response

5 Hemorrhage

DWNHOMWNRO

Table-2: Antibacterial inhibition zone (mm) of Helianthus
tuberosus powder in the nutrient agar at different
concentrations (mg/mL).

S. No. Bacterial culture H. tuberosus

concentration
100% 50% 25% 10%
1 Staphylococcus aureus 26 24 23 22
2 Pseudomonas aeruginosa 25 22 21 20
3 Klebsiella pneumonia 25 25 23 20
4 Proteus mirabilis 25 22 20 Zero

Table-3: HPLC analysis of Helianthus tuberosus powder
sample extracted by HPLC analysis.
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S. No. Subjects Reaction % of fatty
time minute acids
1 Palmitic acid C16:1 2.29 26.15
2 Stearic acid C18:0 3.57 26.08
3 Myristic acid C14:0 4.65 25.21
HPLC=High-performance liquid chromatography
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Macroscopic evaluation

Signs of inflammation, erythema, and edema
were seen in the treated group during the first 3 days
after injury. In the control group, these signs were
maintained up to the first 10 days after injury. Signs
of necrosis and hemorrhage were not seen in either
group during the present study. In addition, more rapid
contraction of the wound took place in the treated
group than in the control group, revealing complete
closure of the wounds on day 21 (Figure-2). In terms
of the mean wound contraction, there was significant
enhancement of contraction (P < 0.05) in the treated
group compared with that in the control group starting
from day 7 (84.43%) to day 21 (10.85%; Table-4).

Histopathological evaluation

Histopathological observation in the control
group on day 7 after injury revealed a thick fibrin
clot with serocellular crust covering the injured area,
with a less developed epidermal tongue at the wound
edge (Figure-3A). Other sections showed acute
inflammatory reactions through the infiltration of

multinucleated cells with hemorrhage, and edema with
marked granulation tissue was also seen (Figure-4A).
On day 14 after injury, complete re-epithelialization
by a thin layer of epithelium had occurred, with the
presence of small numbers of active keratinocytes in
the epidermal layer (Figure-3C). Other sections indi-
cated new deposition of a small number of irregularly
orientated collagen fibers with the infiltration of large
numbers of inflammatory cells between these fibers
(Figure-4C). On day 21 after injury, the epidermal
epithelium was very loose with less stratified squa-
mous epithelium (Figure-3E). Other sections showed
the presence of short irregular dense collagen fibers
with granulation tissue interposed between fibers in
the dermal layer (Figure-4E).

In the treated group, a section on day 7 after injury
showed a thin layer of fibrin covering the wound area
with the marked proliferation of well-developed epi-
thelial tongue from the wound edge toward the center
of the wound (Figure-3B). Other sections showed epi-
thelial and keratinocyte cells that were proliferating

Concentrations

Klebsiella

100
' 1’\
/ N

50 i
( F. - e |

25 10

Pseudomonas
aeruginosa

Staphylococcus
aureus

Proteus mirabilis )

Figure-1: The zones of inhibition diameters in (mm) using agar diffusion methods at different concentrations for
determination antibacterial activity of Helianthus tuberosus powder against a certain type of bacteria.

Table-4: Mean values of wound contraction at different intervals time in treated and control wounds.

Values 7 day 14 day 21 day

Control Treated Control Treated Control Treated
Mean 87.77% 84.43% 55.42% 45.44% 27.81% 10.85%
Standard deviation 8.43% 11.10% 17.06% 16.34% 15.56% 12.56%
t-value 2.33% 4.33%* 8.68*
*(p<0.05)
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Days 1 3 7 10 14 21

Treated
Group

Control
Group

{1
Figure-2: The macroscopic image of the wound contraction in the treated and control group at different intervals.

Control Group Treted Group

Figure-3: (A) Control group 7 days, thick serocellular crust with small epidermal tongue grow toward the center of
wound(t), inflammatory cells(d). (B) Treated group 7 days, thin layer of fibrin covering the wound area with well-developed
epithelial tongue to word the center of wound area (t) infiltration of inflammatory cells. (C) Control group 14 days,
keratinocytes (e) formation of granulation tissue in the dermal layer (d). (D) Treated group 14 days, thick epidermal layer
(e), presence of less dense collagen fibers deposition in the dermal layer (d). (E) control 21 days, delicate epidermal layer
(e) short dense irregular collagen fibers in the dermal layer (d). (F) Treated group 21 days, well-organized epidermal layer

(e) presence of mature collagen fibers in dermal layer (d). Hematoxylin and eosin staining and the scale bar represents
90 and 400 pm.

and migrating, orientated toward the center of the  polymorphonuclear cells (Figure-4B). On day 14 after
wound defect with infiltration of the dermal layer by  injury, there was complete re-epithelialization by a
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thick layer of epidermis seen in the wound area, with
mild infiltration of polynuclear cells along with the
deposition of a large number of collagen fibers with
a moderate number of fibroblasts interposed between
these fibers in the dermal layer (Figure-3D). Another
section revealed newly formed hair follicles with
associated sebaceous glands (Figure-4D). On day
14 after injury, the epidermis was well organized by
many layers of stratified squamous epithelium and
the surface of the stratum corneum featured numerous
keratinocytes (Figure-3F). Other sections exhibited
mature collagen fibers surrounded by newly formed
hair follicles and well-developed sebaceous glands
(Figure-4F). The histopathological scores for the two
groups indicated a significant increase (p<0.05) in
epidermal hyperplasia in the treated group of Grade 4
on day 7 after injury, which decreased on day 21 to
Grade 1. In addition, there were significant differ-
ences in hemorrhage on day 7 and day 21. There was
a significant increase (p<0.05) in the full-thickness
re-epithelialization in the treated group on days 7,
14, and 21 after injury as compared with the control
group. The inflammatory cell response and amount of
granulation tissue also showed significant differences

Treated Group

polymorphonuclear cells (p), hemorrhage (h) with edema
(e) keratinocytes (k). (B) Treated group 7 days, large
numbers of polymorphonuclear (p), hemorrhage (h) edema
(e) keratinocytes under mitotic division (k). (C) Control
group 14 days, polymorphonuclear (p), dense irregular
orientation of collage fibers (c) fibroblasts (f). (D) Treated
group 14 days, less dense collagen fibers (c) fibroblasts
(f) newly formed hair follicles (h). (E) Control group 21
days, inflammatory cells (p) short dense collagen fibers
(c) fibroblasts (f) blood vessels (n). (F). Treated group 21
days, mature collagen fibers (c) newly formed hair follicles
(h) sebaceous gland (s). Hematoxylin and eosin staining
and the scale bar represents 40 um.

between the two groups on days 14 and 21 after injury
(Table-5).

Discussion

Medicinal plants have been extensively used as
alternative wound healing therapies. Many compounds
derived from medicinal plants can promote the heal-
ing of cutaneous wounds. Therefore, many of these
compounds are of interest to researchers in the medi-
cal field [24]. The presence of certain phytochemical
compounds may be responsible for the antibacterial
properties of the Jerusalem artichoke H. tuberosus,
especially phenols, phenolic acids, flavonoids, isofla-
vones, and fatty acids. Fatty acids were focused on in
the present study because of their physiological role in
the healing process [25-27]. The fatty acid compounds
identified by HPLC in the present study showed anti-
bacterial activity against Gram-negative bacteria such
as P aeruginosa, K. pneumonia, and P. mirabilis,
and against Gram-positive bacteria such as S. aureus,
when placed on nutrient agar. These results are simi-
lar to those in many studies on extracts of fatty acids
from plants [28-30]. Thus, the antimicrobial activity
of these fatty acids can play significant roles in wound
healing, through eliminating infectious agents and ini-
tiating normal wound tissue repair.

In the present study, HPLC indicated the pres-
ence of three main fatty acids in H. tuberosus powder,
namely, palmitic, stearic, and myristic acids. A previ-
ous study also showed that these fatty acids have the
ability to modify the skin structure through matura-
tion and differentiation of the stratum corneum [31].
This was also supported in the current study as the
stratum corneum developed over time in the treated
group compared with that in the control group. The
exact mechanisms behind the antibacterial effects
of these fatty acids depend on the number of car-
bons in the backbone; fatty acids with a backbone
longer than 12 carbons have a greater effect against
microorganisms than shorter ones [32]. Therefore,
the effect of the length of the molecule suggests that
the surface-active action of the acid might partici-
pate in the dissociation of autolysins from the bacte-
rial cell membrane through inhibiting the activity of
cell membrane-associated enzymes, which impairs
bacterial growth [33]. In this context, the results of
the antimicrobial activity of plant powder in the agar
well diffusion method are related to the direct effects
of palmitic acid (C16) and myristic acid (C14), as
reported previously [34].

Moreover, the histopathological outcomes of the
present study revealed that the effect of H. tuberosus
powder on the treated animals improved the prolifera-
tion of fibroblast cells. As a consequence, it increased
the production of collagen in the defect area along
with developing the tongue of the epithelium contain-
ing active epithelial basal cells, resulting in complete
full-thickness re-epithelialization at the wound edge
without excessive scarring after a skin injury. Similar
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Table-5: The mean values of histopathological scores for two groups.

S. No. Finding 7 days 14 days 21 days

Control Treated Value Control Treated Value Control Treated Value
1 Epidermal hyperplasia 0 1 0.52%* 2 3 0.52* 2 3 0.50%*
2 Re-epithelialization 1 2 0.52%* 2 3 0.52%* 3 4 0.52%*
3 Granulation tissue 1 2 0.52%* 1 3 0.52%* 2 4 0.52*
4 Inflammatory cell response 4 4 0.00 NS 3 1 0.52%* 2 0 0.52%*
5 Hemorrhage 2 3 0.52* 1 1 0.00 NS 1 1 0.00 NS

*(p<0.05), NS=Non-significant

results have been described previously [35]. In addi-
tion, the histopathological findings also revealed com-
plete regeneration of the epidermis, highly regular col-
lagen deposition, angiogenesis, and epithelialization
with active keratinocytes in the treated group during
the present study, while the control group exhibited
delayed healing, indicated by fragile development of
the epidermal layers with short, dense irregular depo-
sition of collagen bundles along with the infiltration of
large numbers of polymorphonuclear cells in the der-
mis layer. All of these outcomes may have been due to
the potent anti-inflammatory activity of fatty acids by
regulating the tissue regeneration process directly in
the initial activation of cytokines and growth factors
during wound healing[17].

Alexandru et al. [36] mentioned that the exog-
enous antioxidants from plants can reduce oxidative
harm through potent free-radical scavengers during
wound healing. It has been reported that fatty acids are
an important source of natural antioxidants that can
play a crucial role in the wound healing process [37].
Other studies have shown that a low concentration of
free oxygen radicals in the wound area can increase
angiogenesis by stimulating the expression of vascular
endothelial growth factor in keratinocytes and macro-
phages, as well as activate the synthesis of collagen
fibers [38,39]. The present histopathological results
showed that the topical administration of H. tuberosus
powder caused a significant increase in the numbers of
fibroblasts and collagen fibers along with a consider-
able decrease in the number of inflammatory cells and
the amount of granulation tissue formation in the last
period of the present study in the treated group, com-
pared with those in control. These findings match pre-
vious results [40], indicating that medicinal plants have
mitogenic activity on cellular motility and proliferation.
In agreement with this, we reported that the histopatho-
logical findings revealed significant epidermal hyper-
plasia with active epithelial and granular cells of the
epidermis under mitotic division in the treated group.

The histopathological scores in the current study
revealed significant differences (p<0.05) in epidermal
hyperplasia and re-epithelialization between the two
groups. In the treated group, the keratinocytes migrat-
ing and proliferating within the wound area started to
undergo dense hyper-proliferation in the epithelium
directed toward the center of the wound area, while in
the control group the re-epithelialization was still fragile

and required more time to restore the normal integrity
of the epidermal tissue in the wound area. These results
match other research, which indicated that the re-epi-
thelialization process is ensured by local keratinocytes
at the wound edge and by epithelial stem cells derived
from hair follicles or sweat glands [41,42]. Other
research also indicated that full-thickness wounds heal
not only by re-epithelialization alone [43] because
many cellular factors/constituents are involved in the
restoration of normal mechanical strength of the epi-
dermis, such as the proliferation and differentiation of
keratinocyte stem cells, presence of follicular or seba-
ceous stem cells, and reformation of an intact basement
membrane with associated basal cells. All of these cells
are also suggested to contribute to epithelial hyper-
plasia [44]. It was previously asserted that fatty acids
also act as a building block for complex sebum lipids
formed by sebaceous glands, and sebum lipids give the
skin surface self-disinfecting activity, and these acids
are responsible for this property [45]. In agreement with
this idea, we reported that the histopathological sections
exhibited clear development of sebaceous glands in the
treated group and their absence in the control group.
As a consequence, sebaceous gland development might
contribute to skin immune defense.

Conclusion

The current work illustrated that H. tuberosus
powder exerts antibacterial activity along with an
effect on promoting wound healing. Thus, it can be
used as a conventional topical antibiotic at a low cost
from natural sources. In addition, given its content of
fatty acids as active ingredients, H. tuberosus powder
can enhance full-thickness wound contraction. Further
studies should investigate the effect of H. tuberosus on
the gene expression of several cytokines and growth
factors during the healing process.

Authors’ Contributions

NHRA: Designed the study, wrote the manu-
script, and participated in conducting the experiment.
AGA: Collected the samples, performed the laboratory
investigations, processed and analyzed the data. Both
authors have read and approved the final manuscript.

Acknowledgments

The authors would like to express their grat-
itude to the animal house center workers at College

Veterinary World, EISSN: 2231-0916

1296



Available at www.veterinaryworld.org/Vol.14/May-2021/30.pdf

of Veterinary Medicine, Baghdad University, for their
continuous support. The authors declare that they did
not receive any funds for this study.

Competing Interests

The authors declare that they have no competing

interests.

Publisher’s Note

Veterinary World remains neutral with regard

to jurisdictional claims in published institutional
affiliation.

References

1.

10.

12.

13.

14.

Wu, Y. and Chen, S. (2014) Apoptotic cell: Linkage of
inflammation and wound healing. Front. Pharmacol., 5(1):
1-6.

Guo, S. and DiPietro, L.A. (2010) Critical review in oral
biology and medicine: Factors affecting wound healing. J.
Dent. Res., 89(3): 219-229.

Voudouri, D. and Tesseromati, C. (2013) Medicinal plants
in wound healing. Pharmakeftiki, 25(4): 135-144.

Su, T., Qiu, Y., Hua, X., Ye, B., Luo, H., Liu, D. and Qiu, Z.
(2020) Novel opportunity to reverse antibiotic resistance:
To explore traditional Chinese medicine with potential
activity against antibiotics-resistance bacteria. Front.
Microbiol.,11(1): 610070.

Raina, R., Prawez, S., Verma, P.K. and Pankaj, N.K. (2008)
Medicinal plants and their role in wound healing. Vetscan,
3(1): 1-6.

Firdous, S.M. and Sautya, D. (2018) Medicinal plants with
wound healing potential. Bangladesh J. Pharmacol., 13(1):
41-52.

Bolla, S.R., Al-Subaie,
Balakrishna, J.P., Ravi, P.K., Veeraraghavan, V.P,
Pillai, A.A., Gollapalli, S.R., Joseph, J.P. and
Surapaneni, K.M. (2019) /n vitro wound healing potency of
methanolic leaf extract of Aristolochia saccata is possibly
mediated by its stimulatory effect on collagen-1 expression.
Heliyon, 5(5): e01648.

Shedoeva, A., Leavesley, D., Upton, Z. and Fan, C. (2019)
Wound healing and the use of medicinal plants-a review.
Evid. Based Complement. Alternat. Med., 2019: 2684108.
Palombo, E.A. (2011) Traditional medicinal plant extracts
and natural products with activity against oral bacteria:
Potential application in the prevention and treatment of oral
diseases-review article. Evid. Based Complement. Alternat.
Med., 2011: 680354.

Ma, X.Y., Zhang, L.H., Shao, H.B., Xu, G., Zhang, F.,
Ni, ET. and Brestic, M. (2011) Jerusalem artichoke
(Helianthus tuberosus), a medicinal salt-resistant plant has
high adaptability and multiple-use values. J. Med. Plants
Res., 5(8): 1275-1282.

Roby, M.H.H., Sarhan, M. A, Selim, K.A.H. and Khalel, K.I.
(2013) Evaluation of antioxidant activity, total phenols and
phenolic compounds in thyme (Thymus vulgaris L.), sage
(Salvia officinalis L.), and marjoram (Origanum majorana
L.) extracts. Ind. Crops Prod., 43(1): 827-831.

Yang, L., He, Q.S., Corscadden, K. and Udenigwe, C.C.
(2015) The prospects of Jerusalem artichoke in functional
food ingredients and bioenergy production. Biotechnol.
Reports, 5(1): 77-88.

Cerdeiras, M.P. and Ferna, J. (2000) A new antibacterial
compound from Ibicella lutea. J. Ethnopharmacol., 73(3):
521-525.

Pan, L., Sinden, M.R., Kennedy, A.H., Chai, H.,
Watson, L.E., Graham, T.L. and Kinghorn, A.D. (2009)
Bioactive constituents of Helianthus tuberosus (Jerusalem
artichoke). Phytochem. Lett., 2(1): 15-18.

AM., Al-Jindan, R.Y.,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Chen, F.,, Long, X., Liu, Z., Shao, H. and Liu, L. (2014)
Analysis of phenolic acids of Jerusalem artichoke
(Helianthus tuberosus L.) responding to salt-stress by liquid
chromatography/tandem mass spectrometry. Sci. World J.,
2014: 568043.

Seiler, G.J. (2015) Comparison of fatty acid composition
of oil from original and regenerated populations of wild
Helianthus species. Plant Genet. Resour., 13(1): 83-89.
Weimann, E., Silva, M.B.B., Murata, G.M., Bortolon, J.R.,
Dermargos, A., Curi, R. and Hatanaka, E. (2018) Topical
anti-inflammatory activity of palmitoleic acid improves
wound healing. PLoS One, 13(10): 1-10.

Catana, L., Catana, M., lorga, E., Lazar, A.G., Lazar, M.A.,
Teodorescu, R.I., Asanica, A.C., Belc, N. and lancu, A.
(2018) Valorification of Jerusalem artichoke tubers
(Helianthus tuberosus) for achieving of functional ingredi-
ent with high nutritional value. In: Agriculture for Life, Life
for Agriculture, Conference Proceedings. p276-83.
Ginovyan, M., Petrosyan, M. and Trchounian, A. (2017)
Antimicrobial activity of some plant materials used in
Armenian traditional medicine. BMC Complement. Altern.
Med., 17(1): 1-9.

Nostro, A., Germano, M.P., Angelo, V.D., Marino, A. and
Cannatelli, M.A. (2000) Extraction methods and bioau-
tography for evaluation of medicinal plant antimicrobial
activity. Lett. Appl. Microbiol., 30(5): 379-384.

Bowler, P.G., Duerden, B.I. and Armstrong, D.G. (2001)
Wound microbiology and associated approaches to wound
management. Clin. Microbiol. Rev., 14(2): 244-269.

Teoh, S.L., Latiff, A.A. and Das, S. (2009) The effect of
topical extract of Momordica charantia (bitter gourd) on
wound healing in nondiabetic rats and in rats with diabe-
tes induced by streptozotocin. Clin. Exp. Dermatol., 34(7):
815-822.

Serena, T.E., Kushnir, 1., Kushnir, A., Yaakov, R.A. and
Eckert, K.A. (2019) The safety of an autologous whole
blood clot product applied to full-thickness dermal wounds
in a porcine model for up to 18 days. Chronic Wound Care
Manag. Res., 6: 39-49.

Hosseinkhani, A., Falahatzadeh, M., Raoofi, E. and
Zarshenas, M.M. (2017) An evidence-based review on
wound healing herbal remedies from reports of traditional
Persian medicine. J. Evid. Based Complementary Altern.
Med., 22(2): 334-343.

Gengaihi, S.E., Aboul Enein, A.M., Elalla, FM.A. and
Baker, D.H.A. (2009) Molecular characterizations and
antimicrobial activities of chicory and Jerusalem artichoke
plants. Int. J. Acad. Res., 1(2): 66-71.

Djerrou, Z., Maameri, Z., Hamdi-Pacha, Y., Serakta, M.,
Riachi, F., Djaalab, H. and Boukeloua, A. (2010) Effect of
virgin fatty oil of Pistacia lentiscus on experimental burn
wound’s healing in rabbits. Afi: J. Tradit. Complement.
Altern. Med., 7(3): 258-263.

Trabelsi, H., Cherif, O.A., Sakouhi, F., Villeneuve, P.,
Renaud, J., Barouh, N., Boukhchina, S. and Mayer, P. (2012)
Total lipid content, fatty acids and 4-desmethylsterols accu-
mulation in developing fruit of Pistacia lentiscus L. grow-
ing wild in Tunisia. Food Chem., 131(2): 434-440.

Wille, J.J. and Kydonieus, A. (2003) Palmitoleic acid iso-
mer (C16: 1A6) in human skin sebum is effective against
gram-positive bacteria. Skin Pharmacol. Appl. Skin
Physiol., 16(3): 176-187.

Zheng, C.J., Yoo, J.S., Lee, T.G., Cho, H.Y., Kim, Y.H.
and Kim, W.G. (2005) Fatty acid synthesis is a target for
antibacterial activity of unsaturated fatty acids. FEBS Lett.,
579(23): 5157-5162.

Sultan, F.I., Khorsheed, A.C. and Khalel, A.S. (2020)
Separation of four fatty acids and two phenolic compounds
from Camellia sinensis using chromatographic techniques
and evaluation of their antibacterial activity. Eurasia J.
Biosci., 14(1): 2123-2129.

Rodrigues, H.G., Vinolo, M.A.R., Sato, F.T., Magdalon, J.,

Veterinary World, EISSN: 2231-0916

1297



Available at www.veterinaryworld.org/Vol.14/May-2021/30.pdf

32.

33.

34.

35.

36.

37.

Kuhl, C.M., Yamagata, A.S., Pessoa, A.F., Malheiros, G.,
Dos Santos, M.F., Lima, C., Farsky, S.H., Camara, N.O.,
Williner, M.R., Bernal, C.A., Calder, P.C. and Curi, R.
(2016) Oral administration of linoleic acid induces new ves-
sel formation and improves skin wound healing in diabetic
rats. PLoS One. 11(10): 1-19.

McGaw, L.J., Jager, A.K. and van Staden, J. (2002)
Antibacterial effects of fatty acids and related compounds
from plants. S. Af: J. Bot., 68(4): 417-423.

38.

39.

Wound Healing Current Perspectives. 1* ed. Intech Open
Academia, London, United Kingdom. p50-63.

Zhang, Z., Wang, S., Diao, Y., Zhang, J. and Lv, D. (2010)
Fatty acid extracts from Lucilia sericata larvae promote
murine cutaneous wound healing by angiogenic activity.
Lipids Health Dis., 9(1): 1-9.

Cibrian, D., de la Fuente, H. and Sanchez-Madrid, F. (2020)
Metabolic pathways that control skin homeostasis and
inflammation. Trends Mol. Med., 26(11): 1-12.

Yoon, B.K., Jackman, J.A., Valle-Gonzalez, E.R. and 40. Thakur, R., Jain, N., Pathak, R. and Sandhu, S.S. (2011)
Cho, N.J. (2018) Antibacterial free fatty acids and mono- Practices in wound healing studies of plants-a review. Evid.
glycerides: Biological activities, experimental testing, and Based Complement. Altern. Med., 2011: 438056.
therapeutic applications-a review. Int. J. Mol. Sci., 19(4): 41. Lau, K., Paus, R., Tiede, S., Day, P. and Bayat, A. (2009)
1114. Exploring the role of stem cells in cutaneous wound heal-
Churchward, C.P., Alany, R.G., Kirk, R.S., Walker, A.J. and ing. Exp. Dermatol., 18(11): 921-933.
Snyder, L.A.S. (2017) Prevention of ophthalmia neonato- 42. Reinke, J.M. and Sorg, H. (2012) Wound repair and regen-
rum caused by Neisseria gonorrhoeae using a fatty acid- eration. Fur. Surg. Res., 49(1): 35-43.
based formulation. MBio, 8(4): 1-13. 43. Rittié, L. (2016) Cellular mechanisms of skin repair in
Antsiferova, M., Klatte, J.E., Boddé, E., Paus, R., humans and other mammals. J. Cell Commun. Signal,
Jorcano, J.L., Matzuk, M.M., Werner, S. and Kogel, H. 10(2): 103-120.
(2009) Keratinocyte-derived follistatin regulates epidermal 44. Rousselle, P., Braye, F. and Dayan, G. (2019)
homeostasis and wound repair. Lab. Invest., 89(2): 131-141. Re-epithelialization of adult skin wounds: Cellular mech-
Alexandru, V., Gaspar, A., Savin, S., Toma, A., Tatia, R. and anisms and therapeutic strategies. Adv. Drug Deliv. Rev.,
Gille, E. (2015) Phenolic content, antioxidant activity and 146: 344-365.
effect on collagen synthesis of a traditional wound healing 45.  Nakatsuji, T., Kao, M.C., Zhang, L., Zouboulis, C.C.,
polyherbal formula. Stud. Univ. Vasile Goldis Arad Ser. Gallo, R.L. and Huang, C.M. (2010) Sebum-free fatty acids
Stiint. Vietii, 25(1): 41-46. enhance the innate immune defense of human sebocytes by
Barku, V.Y. (2019) Wound healing contributions from plant upregulating B-defensin-2 expression. J. Invest. Dermatol.,
secondary metabolite antioxidants. In: Dogan, K.H., editor. 130(4): 985-994.

skeskeoskoskoskokskok

Veterinary World, EISSN: 2231-0916

1298



