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ARTICLE INFO ABSTRACT
Keywords: Wound healing is a public health concern. Licorice gained a great attention for its antioxidant and anti-
Licorice inflammatory properties which expand its valuable effects as a herbal medicine. In this study, we pointed out

Wound healing to the wound healing potential and the mechanism by which licorice alcoholic extract can modulate cutaneous

gﬁ:iﬁ;ﬁlgzﬂ wound healing through immune, antioxidant, histopathological, immunohistochemical (IHC) and molecular
Immunohistochemistry studies. 24 Wister rats were assigned into 3 groups (n = 8 each); control group, topical and oral supplied groups.

Species authentication Licorice extract administration significantly increased total and differential leucocyte counts, phagocytic activity

UPLC-PDA-MS/MS of neutrophils, antioxidant biomarkers as superoxide dismutase (SOD), glutathione peroxidase activities (GPx)
and reduced glutathione (GSH) content with a notable reduction in oxidative stress marker malondialdehyde
(MDA). Moreover, histopathological findings detected complete re-epithelialization with increasing collagen
synthesis while IHC results revealed a significant enhancement in the expression of a-SMA, PDGFR-«, FGFR1 and
Cytokeratin 14 in licorice treated groups compared with the control group. Licorice extract supplementation
accelerated wound healing by increasing angiogenesis and collagen deposition through up-regulation of bFGF,
VEGF and TGF-f gene expression levels compared with the control group. UPLC-PDA-MS/MS aided to authen-
ticate the studied Glycyrrihza species and recognized 101 potential constituents that may be responsible for
licorice-exhibited potentials. Based on our observations we concluded that licorice enhanced cutaneous wound
healing via its free radical-scavenging potential, potent antioxidant activities, and anti-inflammatory actions.
Therefore, licorice could be used as a potential alternative therapy for wound injury which could overcome the
associated limitations of modern therapeutic products.

* Corresponding authors.

E-mail addresses: doaa.abdelhadyl@vet.kfs.edu.eg (D.H. Assar), nagwan.elhabashi@vet.kfs.edu.eg (N. Elhabashi), abdallah.makhbatly@vet.kfs.edu.eg
(A.-A.A. Mokhbatly), amany.ragab@pharm.tanta.edu.eg (A.E. Ragab), zeze elsayed@fsh.kfs.edu.eg (Z.I. Elbialy), amr3293338@yahoo.com (S.A. Rizk), ae.
albalawi@ut.edu.sa (A.E. Albalawi), nalthobaiti@su.edu.sa (N.A. Althobaiti), saljaouni@kau.edu.sa (S. Al Jaouni), ayman.otiba@vet.kfs.edu.eg (A. Atiba).

1 ORCID: 0000-0001-7718-3560.
2 ORCID: 0000-0001-8276-5397.
3 ORCID: 0000-0002-1654-0015.

https://doi.org/10.1016/j.biopha.2021.112151
Received 7 June 2021; Received in revised form 25 August 2021; Accepted 31 August 2021
0753-3322/© 2021 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).


mailto:doaa.abdelhady1@vet.kfs.edu.eg
mailto:nagwan.elhabashi@vet.kfs.edu.eg
mailto:abdallah.makhbatly@vet.kfs.edu.eg
mailto:amany.ragab@pharm.tanta.edu.eg
mailto:zeze_elsayed@fsh.kfs.edu.eg
mailto:amr3293338@yahoo.com
mailto:ae.albalawi@ut.edu.sa
mailto:ae.albalawi@ut.edu.sa
mailto:nalthobaiti@su.edu.sa
mailto:saljaouni@kau.edu.sa
mailto:ayman.otiba@vet.kfs.edu.eg
www.sciencedirect.com/science/journal/07533322
https://www.elsevier.com/locate/biopha
https://doi.org/10.1016/j.biopha.2021.112151
https://doi.org/10.1016/j.biopha.2021.112151
https://doi.org/10.1016/j.biopha.2021.112151
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biopha.2021.112151&domain=pdf
http://creativecommons.org/licenses/by/4.0/

D.H. Assar et al.

1. Introduction

The skin represents a primary defense against external pathogen
invasion and environmental extremes [1]. The immune system acts as a
master key that orchestrates wound healing process via the collaborative
efforts of numerous pro-angiogenic cells including fibroblasts, leuko-
cytes, endothelial cells, and epidermal cells [2-4]. Immediately after the
skin injury, hemostasis stage (blood clotting) is initiated and platelets
aggregation is enhanced which subsequently produce various chemo-
tactic factors as TGF-81, TGF-82 and PDGF. Then, inflammatory cells
(neutrophils, lymphocytes, and macrophages) are recruited to protect
the wound from infection [5]. Keratinocytes, macrophages, platelets,
and endothelial cells of wounded area release some growth factors such
as EGF, FGF, PDGF, VEGF, TGF-B; cytokines (IL-1p, IL-6, IL-8, IL-10,
TNF-a, IFN-y) and chemokines, which control other subsequent stages
of wound healing [4,6]. Wound repairing occurs and progresses for
varying lengths of time based on the extent of the injury. However,
healing may be severely complicated in a way that perturbs patient’s life
quality. Therefore, several studies have been conducted to mitigate
these complications and to find new inexpensive and innovative treat-
ments to accelerate wound closure with fewer breakdowns [7,8]. There
is an urgent need to discover an extra-body assistance to speed up the
healing process and restore skin integrity while lowering the associated
costs [9,10].

Natural herbs represent safe natural source of several bioactive
constituents with minimal side effects as new treatment suggestions for
cutaneous wound healing [11]. Herbal medicine is less expensive
compared with synthetic drugs. Some researchers focused on the healing
potential of medicinal herbs and worked hard to understand these herbs
in depth through mechanistic studies [12,13]. There are various reports
on herbal application for skin injuries healing [14,15].

Licorice (Family: Papilionaceae/Fabaceae) is a traditional medicinal
sweet and soothing herb which remains one of the most widely used
herbs as a natural sweetener, an additive for flavoring and sweetening
candies and beverages in many countries [16] and also in skin-cosmetics
[17].

Licorice root has several bioactive components, most of which fall
into the chemical classes of triterpenoids and flavonoids [18]. Wang
et al. [19] documented that licorice is considered a source of amino
acids, proteins, simple sugars, polysaccharides and mineral salts, pec-
tins, resins, starches, sterols, and gums. In addition to its content of
tannins, phytosterols (sitosterol and stigmasterol), coumarins, vitamins
(B1, B2, B3, B5, E, and C), and glycosides. Besides pantothenic acid,
lecithin, biotin, niacin, manganese, calcium, calcium salts, proteins, and
nucleic acids which may aid in wound healing [20]. Furthermore, Riz-
zato et al. [21] and Wang et al. [19] isolated numerous biological
compounds from licorice such as triterpene and saponins which are
responsible for sweet taste of licorice that is almost 50 times sweeter
than sucrose and are being the primary active ingredient [22]. Flavo-
noids content is responsible for licorice yellow color although only little
flavonoids are well identified [23]. The flavonoids are basically
considered as antioxidant and anti-inflammatory agents. Licorice ex-
tracts have the ability to down-regulate expression of pro-inflammatory
cytokines as tumor necrotic factor alpha (TNFa), interleukin 1 (IL-1) and
interleukin 6 (IL-6) [22]. In traditional medicine, the roots and rhizomes
of licorice were efficiently used clinically for centuries for their anti-
fungal [24]; antimicrobial efficacy [25], antiviral and antitumoral ac-
tivity [26]; anti-bacterial [27]; antioxidant [28]; antiulcer [29],
improve wound healing of gastric and oral wounds [30,31]; as well as
healing of colitis mucosal ulcers [29].

Commercially available licorice may be a mixture of two or more
species. Glycyrrihza genus comprises several species (about 30). Com-
mercial sources of licorice are Iraq, Turkey, Iran, Russia, Spain and
China. The most identified and well-studied species are G. glabra, orig-
inating from the Mediterranean region, G. uralensis and G. inflata from
China [32]. It is not easy to differentiate between different species based
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on the morphology of roots. Genetic identification may lead to
misidentification as pointed out by Liao et al. [33]. Glycyrrihza species
share many chemical constituents. However, chemical profiling studies
identified the key compounds that are species determinants [21,33-36].

Based on the aforementioned facts about the licorice properties, this
study was designed to evaluate the positive effects of licorice as an
alternative therapy for wound healing, besides exploring its mechanism
for wound healing potential in rat wound model. Moreover, UPLC-PDA-
MS/MS analysis was used in this study for chemo-taxonomical charac-
terization and authentication of the plant species.

2. Materials and methods
2.1. Ethical approval

The experiments were approved by the Institutional Animal Care and
Animal Ethics Committee, Faculty of Veterinary medicine, Kafrelsheikh
University, Egypt. All precautions were followed to diminish animal
suffering during the experiment.

2.2. Plant materials and extract preparation

One kilogram of Licorice roots was collected from Haraz area,
Abdeen, Cairo, Egypt. The plant was kept in the Herbarium in the
Department of Pharmacognosy. The plant roots were ground to obtain
powder and then soaked in 70% ethanol for four days then filtrated and
the filtrate was concentrated under vacuum to remove the alcohol, the
aqueous residue was kept in the refrigerator during the experiment, and
administered to each rat at a dose of 4 g/kg BW in powdered form.

2.3. UPLC-PDA-MS/MS for metabolite analysis

Powder of commercially available Glycyrrihza (100 g) was extracted
with 70% aqueous ethanol. Then, the filtered extract was evaporated
under vacuum to yield a brown aqueous extract which was further
lyophilized to obtain a brown residue used for metabolite analysis. UPLC
was carried out using a Nexera-i LC-2040 liquid chromatography system
(Shimadzu, Kyoto, Japan) equipped with UPLC shimpack velox C18
Column, 2.1 x 50 mm; 2.7 pym particle, using the following gradient
(solvent A: water containing 0.1% formic acid; solvent B: acetonitrile) at
flow rate of 0.2 mL/min: 0-2 min: 10% B; 2-5: linear gradient to 30% B;
5-15 min: linear gradient to 70% B; 15-22 min: linear gradient to 90%
B; 22-25 min: linear gradient to 95% B; 25-26 min: linear gradient to
100% B; 26-29 min: isocratic 100% B; 29-30 min: linear gradient to
10% B. The sample (2 mg/mL) was prepared by dissolving the extract in
HPLC methanol followed by filtration through 0.2 ym membrane disc
filter, and the resultant solution was injected (3 pL) into the system.
Detection was accomplished by using a LC-2030/2040 PDA detector and
a LC-MS 8045 triple quadruple mass spectrometer equipped with an
electrospray ionization (ESI) source in negative and positive mode
(Shimadzu, Kyoto, Japan) applying the following settings: nebulizer gas
N2, 3 L/min, 4 bar; dry gas N2, 10 L/min, 400 °C; capillary voltage — 4
kV; endplate offset — 4.5 kV; collision energy 8 eV (Full MS) or 20-35 eV
(MS/MS).

2.4. Determination of the total content of flavonoids and polyphenols

Serial dilutions of the extract were colorimetrically assayed using the
aluminium chloride method and rutin as a standard for determining the
total flavonoid content [37]. The total content of polyphenols was
measured following Folin-Ciocalteu method and gallic acid as a standard
[38]. The measured contents were expressed as mg/g equivalent of the
corresponding standard for each method.
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2.5. Experimental animals

Twenty four male Wister rats (10 weeks age; weighing 200 + 20 g)
were obtained from the Animal House Colony of the Tanta Center. The
animals were divided into three equal groups (8 rats per group). The
animals were fed a standard diet (Al Wadi Co., Giza, Egypt) and pro-
vided water ad libitum. To prevent biting and possible wound scratching
from each other; each rat was housed in separate plastic cage. All ani-
mals were allowed to acclimatize to laboratory conditions [temperature
22-25 °C, relative humidity 50-60%, and 12-h photoperiods (lights on
07:00-19:00 h)].

2.6. Experimental design

After one week as an adaptation period, all rats (n = 24) were
randomly assigned into 3 groups (8 rats per group); control group
without treatment, topically-applied group on which licorice alcoholic
extract was topically applied on the back of examined rats and orally-
given group with licorice alcoholic extract by stomach tube (Fig. 1A).

2.7. Establishment of full thickness dermal excisional wound

The rats were anesthetized with an intra-peritoneal injection of
ketamine-xylazine combination (ketamine 70 mg/kg and xylazine
7 mg/kg) for anesthetizing the rats. Then, the back hair was shaved and
disinfected with 70% ethanol. Full-thickness skin wound excision
measuring 1.5 x 1.5 cm was made on the back of each animal according
to Atiba et al. [39]. Wound area size was measured and photographed
with special size analysis software, NIH Image J software downloaded
from http://www.rsb.info.nih.gov/ij) on the days 0, 3, 6, 9, 12, 15 and

Experimental design |
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18 post-wounding (PW). The change in wound size was expressed as a
percentage to the original wound size (day 0) and shown in Fig. 1. The
medical dressing was changed to all groups in the above-mentioned days
of the experiment with inspection of the wound healing degree. The
control groups did not receive any treatment along the course of the
experiment only Band-Aid to keep the wound moist and avoid bias in the
results.

Experimental scheme, schedule time of wounding, wound area
measurement, licorice alcoholic extract administration and sampling
were portrayed in Fig. 1.

2.8. Leukogram, immunological and antioxidant parameters

At the 18th day post wounding (DPW) blood samples were collected
via retro-orbital bleeding under light ether anesthesia (Sigma Chem. Co.,
St Louis, Mo. U.S.A). Two blood samples were collected from each rat.
One half was transferred to an eppendorf tube containing the anti-
coagulant heparin (20 [U/mL) for determination of the total and dif-
ferential leukocyte counts by using automated blood cells counter with
an Auto Hematology Analyzer (Sysmex F-800, Japan) according to
Buttarello [40], phagocytic activity and phagocytic index of neutrophils
using Candida albicans by following Kawahara et al. [41]. The other half
of the blood sample was collected in an eppendorf tube without anti-
coagulant, the blood samples were then allowed to coagulate before
centrifuging at 3000 rpm for 15 min at 4 °C, then were subjected to
biochemical determination of the malondialdehyde (MDA) content ac-
cording to Ohkawa et al. [42] and the superoxide dismutase (SOD) ac-
tivity using the techniques outlined by Nishikimi et al. [43]. The
glutathione peroxidase activity (GPx) was evaluated according to Paglia
and Valentine [44] and reduced glutathione (GSH) content using the
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Fig. 1. (A) Experimental design (B) Schedule time of wound area measurement, liquorice oral and topical application and sampling (C) Photographs of the gross
appearance of full-thickness skin wounds at various time points after treatment without or with topical and oral Liquorice alcoholic extract application on wound
area. (D) The percentage (%) of wounds area on days 0, 3, 6, 9, 12, 15 and 18 post wounding as compared with wound closure in control group. The wound closure
rate was expressed as the percentile of wound area compared with that on post wounding day 0 (100%).Values are mean + SE (P < 0.05) [C = control group,
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techniques outlined by Owens and Belcher [45], all tests were obtained
from Biodiagnostic Co. (MyBioSource Inc., San Diego, California, USA)
and were performed following the manufacturer’s instructions.

2.9. Collection of tissue specimens

After the end of the experiment, 18 DPW, all rats were sacrificed by
decapitation under anesthesia with an intra-peritoneal injection of
pentobarbital anesthesia (500 mg/kg). The entire wound including a
margin of approximately 5 mm of normally un-wounded skin areas were
excised. These samples were divided into 2 halves; one sample collected
in 10% neutral buffered formalin for histopathological and immune-
histochemical (IHC) examinations. While the other half was collected
in 2 mL sterile eppendorf tubes and shocked in liquid nitrogen before
storage at — 80 °C until being used for RNA extraction.

N. B: After the end of the experiment, all the scarified rats together
with remnants of tissue samples and bedding materials were buried in
strictly hygienic and properly controlled constructed burial pit.

2.10. Histological evaluation of healed wounds

Specimens from the full thickness wound tissues, including the
adjacent normal skin, were taken from 5 rats from each group at 18 DPW
and were immediately fixed in 10% neutral buffered formalin for 24 h,
routinely processed and embedded in paraffin blocks [46]. The
4 pym-thick sections were stained with haematoxylin and eosin (H&E)
and examined microscopically. H&E-stained sections were examined for
the extent of epidermal re-epithelisation, inflammatory cells including
polymorphonuclear leukocytes (PMNL), macrophages and lymphocytes,
fibroplasia, and newly formed vessels (Angiogenesis).

2.11. Immunohistochemical analysis & scoring of immunoreactivity

Immunohistochemical staining (IHC) was performed on all skin tis-
sues examined histologically using 4-pm thick paraffin-embedded sec-
tions. All tissue samples were stained at the same time with the same
procedure. In brief, after de-waxing in xylene and rehydration in graded
ethanol, the sections were then treated with a solution of hydrogen
peroxide 0.3% in methanol for 20 min at room temperature (RT) to
inhibit endogenous peroxidase activity. For antigens retrieval, the sec-
tions were immersed in Target Retrieval Solution High pH (Dako®) and
autoclaved at 121 °C for 15 min. To prevent the binding of non-specific
proteins, the sections were incubated with Protein Block Serum Free
(Dako®) for 30 min at RT. Sections were then incubated with the
following primary antibodies: monoclonal mouse Anti-a-SMA (Dako,
Dako-Cytomation, Carpinteria, CA) at 1:20 dilution; rabbit polyclonal
antibody against PDGFR-a (SC-338, Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA) at 1:100 dilution; goat anti-human polyclonal
Anti-FGFR1 (LifeSpan BioScience) at 1:500 dilution and monoclonal
mouse Anti-K14 (Thermoscientific, CA, USA) at 1:50 dilution. In-
cubations were carried out overnight. Following the application of the
secondary antibody: monoclonal anti-mouse IgG; anti-rabbit IgG and
monoclonal anti-goat IgG (EnVision + System HRP; Dako) for 30 min at
room temperature, the bound peroxidase was detected with liquid DAB
substrate chromogen system (DAKO). The sections were then washed in
distilled water, counterstained with Mayer’s haematoxylin, dehydrated
in an alcohol gradient, cleared with xylene, and mounted for examina-
tion under light. The positive findings of samples were demonstrated
with brown color under a light microscope. For each case, negative
control slides consisted of sections incubated with antibody vehicle or
no immune rabbit or mouse serum [47].

Tissue specimens from ten sections were analyzed by immunobhis-
tochemistry for the presence of a set of markers associated with myofi-
broblasts phenotypic differentiation and epidermal activation and
proliferation. Several target proteins turned out to be suitable to monitor
wound healing including a-SMA positive myofibroblasts, FGFR1,
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PDGFR-a and cytokeratin 14.

a-SMA, PDGFR-a and FGFR1 immunolabeling were quantitatively
analyzed in blind mode by a pathologist using optical microscope (40 x
Leica Microsystems AG, Wetzlar, Germany). Five animals were evalu-
ated in each group. A total of ten fields per section; two from the right
margin of the wound, two from the left margin of the wound and six
from the center (wound bed) of the wounds, in 2 slides per animal, were
examined and analyzed at a magnification of x 400 (x 40, 10 ocular).
For quantitative analysis, the overall number of evaluated cells per
section was 900-1000 cells. The cytokeratinl4-stained samples were
visualized under microscope at different magnifications. From the ob-
tained image, epidermal thickness was measured with Image J analysis
software (National Institutes of Health, MD, USA) by considering the
thickness at ten different locations along the re-epithelialized skin
wounds on day 18.

2.12. Total RNA extraction and reverse-transcription polymerase chain
reaction

Collected tissue samples from the wound areas shocked in liquid
nitrogen then stored at — 80 °C were used for RNA extraction using
TriZol reagent (iNtRON Biotechnology). The quality and concentration
of the extracted RNA were assessed using a Nanodrop ® BioDrop spec-
trophotometer. The A260/A280 ratio was used to determine the quan-
tity of total RNA. The ratio of A260/ A280 was from 1.8 to 2.0. The
integrity of all extracted RNA was checked by electrophoresis in 1.5%
ethidium bromide-stained denaturing gel (Sigma, Germany) at 100 V in
1x Tris-acetate acid-EDTA (TAE) buffer, pH 8.0. The gel image was
visualized using UV transilluminator (azure c200).

2.13. cDNA synthesis and quantitative real-time PCR of b-FGF, VEGF,
TGF-p1

Real-time reverse transcription-polymerase chain reaction (RT-PCR)
analysis of mRNA expression of rat-specific primers for bFGF, VEGF,
TGF-p1 and Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as
the house-keeping gene were performed using primers in Tablel
[48-50]. 2 pg of total RNA was reverse transcribed to first-strand cDNA
using the Intron-Power cDNA synthesis kit (Cat. No. 25011) according to
the manufacturer’s instructions. The cDNAs were used as the template
for RT-PCR using SYBR in the Mx3005P Real-time PCR system (Agilent
Technologies, Santa Clara, CA, USA). The relative differences in gene
expression were calculated using threshold cycle (CT) values that were
first normalized to those of the Albino Rat (Rattus norvegicus) GAPDH
house-keeping gene and using ACT value of control samples as cali-
brator using the 2722¢T method as previously described by Livak and
Schmittgen [51]. All samples were performed and analyzed in triplicate.

2.14. Statistical analysis

The statistical significance between the different tested groups was
evaluated by multiple t-tests (unpaired two-tailed t-test) with Holm-
Sidak method for correction of multiple comparisons using GraphPad
Prism software version 8.00 (GraphPad Software, San Diego, California
USA). Unpaired Welch t-test was used for relative gene expressions of b-
FGF, VEGF, TGF-pl1 and a-SMA data analysis. P value < 0.05 was
considered statistically significant. All data were tabulated as
means £ SD.

Both H&E and immunohistochemistry analysis results were
compared between groups by one-way analysis of variance ANOVA test
with post hoc Tukey. The level of significance for significant difference
between groups was set at P < 0.05 in all analyses.

3. Results

No animals’ mortalities were recorded during the whole period of the
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Table 1
Primer sequence of selected genes used in RT-PCR analysis.
Gene Primer sequence 53’ Gene bank accession number Annealing temperature Refs.
GAPDH 5-CAGCAATGCATCCTGCAC-3' XM_017592435.1 60 °C [48]
5'-GAGTTGCTGTTGAAGTCACAGG-3'
VEGF 5-AGGCTGCACCCACGACAGAA-3’ NM_001110333.2 55°C [49]
5'-CTTTGGTCTGCATTCACATC-3'
bFGF 5'-CGATAGAACACGGCATCAaTC-3' NM_019305.2 50°C [50]
5-CATCAGGCAGTTCGTAGCTC-3’
TGF1p 5'-CCAGATCCTGTCCAAACTAA-3' X52498.1 53°C [50]

5'-TTTTGTCATAGATTGCGTTG-3'

Vascular endothelial growth factor: (VEGF); Basic fibroblast growth factor:(bFGF); transforming growth factors beta: (TGF-p).

study.

3.1. Characterization of the detected compounds and plant species

The analysis of the data in the negative and positive ion modes
(Fig. 2) revealed the presence of 101 compounds. The complete chem-
ical fingerprint is enlisted in Table 2. UPLC-MS data were processed
using Shimadzu’s Lab Solutions software. The compounds were identi-
fied based on the molecular weight determined from the most intense
adduct ion found in the full MS spectrum of each compound, MS/MS
fragmentation ions, or neutral losses found in full MS or MS/MS spectra
and, whenever possible, maximum absorption wavelength from PDA
spectra. MassBank and FooDB databases were used as references in
identifying the eluted compounds in addition to the published data in
the literature. Detailed description of all bioactive compounds listed in
Supplementary file 1.

Moreover, some dimer compounds were identified in Glycyrrhiza
species. In this work dimers of glabrone + glabridin, glabri-
din + sophoracoumestan A and flavonoid dimers were detected at [M-
H] ions at m/z 659, 657 and 673, respectively and their fragmentation
profiles matched the published data [21].

Species chemical makers were proposed by Scalabrin [32], Farag
et al. [34] and Rizzato et al. [21] They identified glabridin, glabrol,
3-hydroxyglabrol, kanzonol Y as markers for G. glabra; glycycoumarin
for G. uralensis and licochalcone A and glyinflanin A for G. inflata. Our
results indicated the detection of these markers in the extract of the
licorice sample used in this study confirming that three species namely
G. glabra, G. uralensis and G. inflata mediated the observed biological
effects in this work.

3.2. Total content of flavonoids and polyphenols

The major identified content of total flavonoids was determined as
47.00 mg/g equivalent to rutin while the content of total polyphenols
was measured as 70.34 mg/g equivalent to gallic acid. Indicating that
the 70% alcohol extract is rich in polyphenols and flavonoids.

3.3. Licorice alcoholic extract in relation to wound healing

Skin wound healing was determined by the percentage of wound
surface covered by regenerated epidermis in rats of control, topical and
oral groups as presented in Fig. 1C. Which demonstrates that, the
wounds treated by licorice extract recovered much faster with better
skin appearance. Interestingly, the wound area was significantly
declined on days 3, 6, 9, 12, 15 and 18 PW than control group (Fig. 1D).
These wound closure rates made a good match to the results of H&E
staining. Thus, licorice extract significantly contributed to wound
healing compared to the control untreated group.

3.4. Leukogram, immunological and antioxidant parameters

At the 18th DPW, leukogram findings revealed that, total leucocytic
count (TLC), lymphocyte, neutrophil and monocyte counts were

significantly elevated in both licorice treated groups compared with
control group as shown in Fig. 3A. Moreover, the phagocytic activity and
phagocytic index of neutrophils as portrayed in Fig. 3A revealed a sig-
nificant enhancement in both topical and oral licorice-treated groups
more than those of the control group. Interestingly, a significant increase
in SOD, GPx activities and GSH content with a notable reduction in the
MDA levels were observed in licorice extract-treated groups compared
with control untreated group (Fig. 3B).

3.5. Histological evaluation of healed wounds

Eighteen DPW, the untreated wounds in the control group (CG)
revealed delayed healing activity with minimal re-epithelialization
where there were one to two layers of epithelial epidermal cells
formed under scab. In few sections, the wounds were not yet completely
bridged by new layers of epithelial cells (Fig. 4a) which were, however,
positive for keratin 14. In addition, the dermis was only lightly infil-
trated with macrophages and very few neutrophils and the granulation
tissue was rich in fibroblasts and newly formed blood vessels (Fig. 4b
and c¢). Moreover, collagen fibers were characterized by poor orientation
and disorganization. On the other hand, epidermal layers of wounds
from licorice-treated rats (topical and oral) were thicker than those in
wounds from the control group. In addition, the wounds were
completely re-epithelialized and necrotic tissue was completely replaced
with granulation tissue with decreasing cellularity and with an
increasing presence of collagen (Fig. 4d and g). Moreover in the exam-
ined sections, complete differentiation process of keratinocytes was
confirmed by the normal process of keratinization over the entire wound
(Fig. 4d and g). Both topical and oral licorice groups demonstrated
similar wound healing activity. However, topical-treated group showed
excessive re-epithelialization and thickening of the epidermis as well as
marked inflammatory cells infiltrations (Fig. 4d and e) in the dermis
predominately macrophages, very few neutrophils and lymphocytes
(Fig. 4f) and hair follicles regeneration. The tissue sections from the oral-
treated group showed complete re-epithelialization, minimal inflam-
matory cells infiltration mostly macrophages, very few neutrophils and
lymphocytes, and maximum maturation of granulation tissue with well-
organized accumulation of collagen fibers and significant increase in the
number of fibroblasts in the dermis in the wounded area as well as more
effective re-organization of the dermis compared to the control group
(Fig. 4g-).

3.6. Immuno-expression of a-SMA, PDGFR-a, FGFR1 and cytokeratin 14
on skin wound and scoring of immune-reactivity

Regarding immune-reactivity in all experimental groups, a-SMA
showed cytoplasmic expression in myofibroblasts which were already
present at the regeneration phase of wound healing in the dermis and
subcutis as well as endothelial cells of new blood vessels and very few of
the basal keratinocytes of the epidermis. As shown in Fig. 5A, the control
group showed few numbers of a-SMA-positive myofibroblasts (arrow) in
the dermis, where topically-treated group showed numerous a-SMA-
positive myofibroblasts together with few mmunoreactive basal cells
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Table 2
UPLC-PDA-MS/MS results for 70% alcohol extract of the commercially available licorice.
NO. R, min [M — HI'm/ [M + H]" MS? ions m/z Identification
z

1 7.69 431 161, 155, 125, 97 Licoagroside B

2 8.00 431 137,113 Unknown

3 8.01 595 287 Kaempferol-3-O-rutinoside

4 8.21 431 137,113 Unknown

5 8.36 209 165, 135,121, 119, 93 Hydroxybenzyl malonic acid (HBMA)

6 8.15 563 563, 546, 517, 473, 443, 395, 383, 353, 325, 296, 283, 261, 223, 191, 175, Isoshaftoside

152, 113, 89

7 8.37 563 565 563, 545, 503, 473, 443, 395, 383, 353, 311 Shaftoside

8 8.67 577 579 577, 473, 457, 425, 413, 383, 353, 311 Isoviolanthin

9 8.98 577 577, 485, 457, 395, 383, 353, 325, 297, 283, 137, 111 Violanthin

10 8.96 549 549, 429, 255, 135, 109 Liquiritin apioside

11 9.04 549 549, 255, 135, 119 Liquiritin apioside isomer

12 9.16 417 255, 148, 135, 119 Liquiritin

13 9.27 417 255, 135,119 Liquiritin isomer

14 9.58 565 271,177, 151, 119 Hydroxyisoliquiritin apioside

15 9.75 565 565, 271, 227, 203, 164, 151, 119 Hydroxyisoliquiritin apioside isomer

16 10.15 549 255, 135, 119 Isoliquiritin apioside

17 10.25 549 255, 135, 119 Isoliquiritin apioside isomer

18 10.25 563 269 Glycyroside

19 10.51 565 309, 271, 135, 121 Butein-4-O—glucopyranosyl-apiofuranoside

20 10.44 695 549, 531, 429, 351, 255, 163, 145, 119 Licorice glycoside D2/D1

21 10.57 695 549, 531, 399, 255, 163, 145, 119 Licorice glycoside D2/D1

22 10.58 417 254, 225, 213, 148, 135, 119 Isoliquiritin

23 10.70 417 255, 135,119 Isoliquiritin isomer

24 11.21 692 549, 531, 255, 160, 135 Licorice glycoside E

25 12.10 692 549, 334, 297, 255, 160, 116 Licorice glycoside E isomer

26 11.42 285 285, 270, 177, 150, 120 Licochalcone B

27 11.82 285 285, 253, 241, 225, 217, 211, 198, 175, 161, 149, 136, 108 Unknown

28 11.97 255 257 135, 119, 91 Isoliquiritigenin

29 12.66 255 255, 237, 213, 209, 175, 168, 145, 135, 119, 109, 91 Pinocembrin

30 13.06 269 269, 237, 209, 175, 161, 149, 133, 120, 92 Echinatin

31 13.18 269 271 269, 254, 237, 225, 210, 197, 151, 133, 117 Echinatin isomer

32 13.72 453 ND Unknown

33 13.76 821 759, 610, 469, 351, 307, 193, 103 Glycyrrhizin

34 14.51 821 821, 351, 193 Glycyrrhizin isome

35 14.32 255 257 255, 135,119, 91 Isoliquiritigenin isomer

36 14.94 255 255, 240, 212, 197, 180, 151, 135, 121, 119, 105, 91 Isoliquiritigenin isomer

37 14.71 267 269 267, 252, 223 Formononetin

38 15.24 267 267, 252, 223, 195, 163 Isoformononetin

39 15.06 369 371 369, 337, 285, 229, 177, 150, 124 Prenylated flavonoid

40 15.49 369 369, 354, 351, 337, 321, 308, 297, 285, 259 Prenylated flavonoid

41 15.12 339 311, 242, 201, 173, 164, 149, 136, 109 Unknown

42 15.45 339 177, 161, 133, 122, 109 Esculin

43 15.39 357 235, 217,177, 161, 123 Hydroxy dihydroesculin

44 15.68 357 321, 311, 245, 235, 217, 195, 177, 161, 151, 135, 121, 105 Hydroxy-dihydroesculin isomer

45 15.70 341 167, 149, 137, 121, 109 Unknown

46 15.75 323 ND Unknown

47 15.52 341 235, 216, 205, 189, 177, 161, 135, 122 Dihydroesculin

48 15.87 233 ND Unknown

49 16.04 335 335, 307, 291, 263 Isoglabrone

50 16.37 355 ND Unknown

51 16.94 335 335, 307, 291, 263, 247, 231, 213, 201,199,161,136, 109 Glabrone

52 16.90 321 323 321, 306, 291, 277, 266, 261, 227, 213 Glabrene

53 17.20 321 322, 306, 291, 278, 266, 251, 244, 227, 212, 199, 193, 175, 155, 146, 133, Isoglabrene

105

54 17.21 337 ND Unknown

55 16.91 339 321, 281, 266, 253, 237, 213, 187, 171, 159, 145, 135 Benzoic acid derivative

56 17.09 339 293, 229, 167, 137, 123, 109 Unknown

57 17.26 367 369 367, 353, 309, 298, 265, 243, 218, 190, 148 Glycycoumarin

58 18.09 355 ND Unknown

59 18.32 367 367, 349, 323, 305, 213, 201, 179, 165, 147, 135, 121, 109 Unknown

60 17.10 339 293, 229, 167, 137, 123, 109, Unknown

61 18.11 339 203, 159, 135 5-Prenylbutein

62 18.46 409 ND Unknown

63 18.71 323 323, 213, 201, 187, 175, 135, 107 Glabridin

64 19.56 323 203, 201, 159, 119 Isobavachalcone

65 18.45 425 221, 203, 177, 148 Methyl kanzolol Y

66 19.22 425 235, 217, 205, 177, 174, 136 2,4,6,3,4-pentahydroxy-3,5-diprenyl
dihydrochalcone

67 19.46 409 235, 217, 205, 177, 161, 135, 122 Kanzolol Y isomer

68 20.22 409 363, 235, 217, 189, 177, 161, 148 Kanzolol Y

69 19.64 391 203, 187, 159, 132 Glabrol

70 20.16 391 391, 306, 203, 187, 175, 157, 132 Hispaglabridin A

(continued on next page)
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NO. Rymin [M - HI'm/ [M+H]"  MS?ions m/z Identification
z

71 19.68 423 219, 203, 149 Unknown

72 20.31 423 229, 193, 174, 149, 125 Gancaonin E

73 20.34 393 395 375, 349, 324, 215, 203, 189, 177 Kanzonol x

74 20.08 351
75 20.69 351
76 21.50 659 335, 201, 135, 109
77 21.53 627 303

78 21.60 659
79 22.01 337
80 23.04 407
81 23.72 407
82 24.29 657
83 25.35 657
84 25.61 405
85 25.81 405
86 26.11 673
87 26.15 673
88 26.43 419
89 26.59 419 419, 283, 243, 231, 201, 175, 161, 145
90 26.79 455 455, 225

91 26.88 455 455

92 27.14 389 389, 201, 187, 132

93 27.42 389 389, 201, 187, 179, 132

94 27.03 353 353, 347, 323, 214, 201, 175, 135, 121
95 27.33 353 323, 201, 135

96 27.28 475 271, 203, 159

97 27.32 475 271, 203, 184, 161

98 28.06 271 271, 254, 225, 223

99 28.38 271 271, 227, 225, 224

100  28.39 617 617, 161, 135

101 28.44 617 618, 617

203159, 148

639, 481, 455, 323, 267, 187, 175, 135
333, 324, 201, 135, 109
203, 184

351, 336, 323, 308, 283, 271, 201, 175, 149, 131, 107
351, 281, 201, 187, 175, 163, 149, 137, 107

659, 523, 471, 349, 335, 324, 279, 201, 148, 135
337, 322, 279, 213, 201, 187, 175, 149, 123, 107

245, 229, 219, 201, 185, 177, 161, 146, 130, 106

387, 363, 330, 305, 219, 203, 185, 169, 145, 117

655, 495, 387, 349, 335, 323, 253, 214, 201, 177, 147, 121

495, 437, 349, 335, 323, 308, 281, 177, 159, 135

419, 391, 349, 331, 278, 267, 243, 231, 201, 175, 161, 147, 107

Coumarin derivative
Coumarin derivative
Glabrone+glabridin
Quercetin-3-sophoroside
Glabrone+glabridin isomer
4-0-Methylglabridin
3-Hydroxy glabrol

Glyinflanin A
Glabridin+sophoracoumestan A
Glabridin+sophoracoumestan A isomer
Unknown

Gancaonin Q

Flavonoid dimers

Flavonoid dimers

Kanzonol F

Unknown
11-Deoxyglycyrrhetinic
11-Deoxyglycyrrhetinic isomer
Hispaglabridin B
Hispaglabridin B

Unknown

Unknown

Glabrol derivative

Glabrol derivative

Unknown

Unknown

Unknown

Unknown

(head arrow). Orally-treated group showed numerous a-SMA positive
myofibroblasts (arrow).

While PDGFR-a showed cytoplasmic expression in fibroblast, endo-
thelial cells of blood vessels, hair follicles cells and some of the in-
flammatory cells predominantly macrophage and lymphocytes in the
dermis as well as proliferating keratinocytes of the epidermis. In Fig. 5B,
control group showed few numbers of PDGFR-o mmunoreactive cells in
the dermis including fibroblasts (head arrow), inflammatory cells pre-
dominantly macrophages (fine arrow), endothelial cells of blood capil-
laries (thick arrow) and keratinocytes. Topically-treated group showed
moderate numbers of PDGFR-a-positive cells mainly fibroblasts (head
arrow) together with epidermal epithelial cells while orally-treated
group showed numerous PDGFR-a-positive cells mainly fibroblasts
(head arrow) as well as keratinocytes.

In addition, FGFR1 showed cytoplasmic expression in fibroblast, few
of the inflammatory cells predominantly macrophage and the prolifer-
ating keratinocytes of the epidermis. In Fig. 5C, control group showed
few numbers of FGFR1-positive cells in the dermis and keratinocytes.
Topically-treated group showed large numbers of FGFR1-positive cells
in the dermis and keratinocytes while orally-treated group showed
moderate numbers of FGFR1-positive cells in the dermis.

In Fig. 5D, control group showed incomplete or thin epidermal layers
(white lines). While both oral and topical groups showed increase of
Cytokeratin 14 expression by keratinocytes. There is increase in staining
intensity and epidermal thickness in samples collected from oral and
topical treatments with licorice.

As seen in Table3 and Fig. 5 on the 18th DPW, the immune-
expression of a-SMA, was significantly increased in both licorice
topical and oral treated groups (53.83 +2.82 and 56.08 + 2.47
respectively) compared with that in the control group, which was
24.67 + 6.70 (Fig. 5A).

Moreover, immunoreactivity of PDGFR-o was significantly elevated
in topical and oral supplied groups (72.75 + 1.59 and 93.33 + 0.8
respectively) compared to those in the control group which was
65.00 + 2.89 (Fig. 5B). Although FGFR1 was markedly increased in both

oral-treated group and topical-treated group, consistent with the com-
plete healing process in the wound. Furthermore, the immune-reactivity
of FGFR1 in both licorice-treated groups was much higher than those in
the control group (93.33 +0.83 and 58.20 +5.16 respectively)
(Fig. 5C). Moreover, the immune-reactivity of Cytokeratin 14 in rats
groups treated with licorice either topically or orally was prominently
much expressed (Fig. 5D) compared with control untreated group.

3.7. Gene expression analysis

Regarding the impact of licorice alcoholic extract on the molecular
mechanisms involved in wound healing process we focused on angio-
genic genes as bFGF, VEGF and TGF-p as shown in Fig. 3C. The relative
expression levels of bFGF, VEGF and TGF-} genes were enhanced in the
groups supplied with licorice in comparison with the control untreated
group. Interestingly, the relative expression levels of bFGF, VEGF and
TGF-f genes were strictly enhanced in topically-applied group than the
orally-administered group compared with the control group.

4. Discussion

Wound repairing is an orchestrated process with many dynamic
phases to restore the cellular structure of the damaged tissues back to its
initial healthy status. It involves three overlapping phases: the inflam-
matory phase which represents the established homeostasis and
inflammation; then the proliferative phase which includes epithelial-
ization, fibroplasia, angiogenesis, and formation of granulation tissue
and finally the remodeling phase that includes collagen deposition and
small scaring tissue formation which ultimately determines the strength
and appearance of the healed area [52,53]. Although, licorice wound
healing efficacy is already reported, little is known about the mechanism
associated with its action. Here we explored its wound healing potential
in rats through a series of indices related to immune-hematological,
antioxidant, histopathological and IHC assessment as well as the mo-
lecular gene expressions targeting angiogenesis. We detected that
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Fig. 3. (A) Leukogram findings of total leucocytic count (TLC), lymphocyte, neutrophil and monocyte counts, Phagocytic activity and phagocytic index of neu-
trophils at the 18 day post wounding in licorice treated groups compared with control group. (B) Oxidative stress and antioxidant parameters at 18th day post
wounding in licorice treated groups compared with control group. Malondialdehyde (MDA), Superoxide dismutase (SOD), Reduced glutathione (GSH) and Gluta-
thione peroxidase (GPx). (C) Relative gene expression of basic fibroblast growth factor (bFGF), Vascular endothelial growth factor (VEGF) and Transforming growth
factor (TGF-B1) genes in wounded rat skin of control group, topical and oral treated rat with liquorice alcoholic extract. Values are expressed as mean + SE from
triplicate groups (n = 8). Bars with a,b,c letters are significantly different from each other (P < 0.05).

topical or oral application of licorice extract enhanced rats immune
response through a significant increase in total and differential leuco-
cyte counts, phagocytic activity and phagocytic index of neutrophils
compared with the control untreated group. Similarly, Wilgus et al. [54]
who documented the central role of aseptic wound condition provided

by phagocytosis and bacterial killing action of neutrophils to accelerate
wound healing process. Gupta et al. [55] and Wang et al. [56] linked
G. glabra antimicrobial properties particularly on Staph. aureus, Esch.
coli, Pseudo. aeruginosa, C. albicans, and Bacillus subtilis to its rich content
with saponins, alkaloids and flavonoids as well as glabridin, glabrol,
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Fig. 4. (A) photomicrograph of histopathological changes in rat skin tissue 18 days after surgical wound from three experimental groups which include (a, b, c)
control (CG), (d, e, f) topical licorice application (TG), and (g, h, i) oral licorice administration (OG). (a) showing incomplete epithelialization and beginning of
epidermal cell proliferation and migration (new epidermis, E) beneath scab. (b) showing granulation tissue rich in fibroblasts and newly formed blood vessels. (c)
showing poor oriented and disorganized collagen fibers together with few inflammatory cells predominantly macrophages (arrow head). (d) showing complete
epithelialization over the wounded area as well as presence of keratin (arrow head) over the epithelium exhibiting successful differentiation of keratinocytes. (e)
showing excessive epithelialization and marked inflammatory cells infiltration in the dermis. (f) showing marked inflammatory cells (arrow head) infiltration in the
dermis predominately macrophages. (g) showing complete re-epithelialization. (h) showing maturation of granulation tissue with decreasing cellularity and with an
increasing presence of collagen. (i) showing well-organized accumulation of collagen fibers and very few inflammatory cells (arrow head) in the granulation tissue.
H&E. X 100, 200, 400. (B) Thickness of the epidermis in different treatment groups, Values are expressed as mean + SD from triplicate groups (n = 8). Bars with

asterisks are significantly different from each other (P < 0.0001).

glabrene, hispaglabridin A, hispaglabridin B, 40-methylglabridin, and
3-hydroxyglabrol. They attributed licorice antibacterial activity to the
declined bacterial gene expression, bacteria growth prevention and to
the reduced bacterial toxin secretion. Macrophages and monocytes are
considered critical cells of the inflammatory phase in wound healing
[57]. These cells participate in microbial phagocytosis, cellular debris
and damaged matrix removal by secretion of matrix
metallo-proteinases. In addition to their role as a main source of cyto-
kines and growth factors to stimulate the proliferation of fibroblasts and
enhance collagen biosynthesis [58]. In accordance with numerous
studies which confirmed the essential role of macrophages for proper
skin wound healing [59,60]. In line with Shinada et al. [61] who
mentioned that licorice root administration elevated leukocyte infiltra-
tion, blood flow and effectively reduced inflammation via steroidal,
cortisone-like actions. Moreover, Soufy et al. [62] and Okda et al. [63]
attributed the immune-stimulatory effect of licorice to Glycyrrhetinic
acid content which enhances the anti-inflammatory cytokines produc-
tion, especially IL-7 and IL-10 and inhibits secretion of
pro-inflammatory cytokines, especially TNF-o and IL-6 [64,65].
Interestingly, in the present study we demonstrated that licorice
applications enhanced antioxidant status and notably declined the
oxidative stress biomarker compared with the control untreated group.
Shenoy et al. [66] and Castangia et al. [67] attributed the accelerated
wound healing to licorice-isolated sterols, polyphenols specifically
Glycyrrhizic acid. Although licorice enhanced wound contraction,
increased the epithelization rate, decreased cell necrosis, improved
vascularity and reduced skin damages via its free radical scavenging and
antioxidant potentials [68]. Moreover, Veratti et al. [69] documented
the inhibition of human keratinocytes DNA damage induced by UV ra-
diation by 18p-glycyrrhetinic acid and glabridin treatment. The major
reason for licorice application choice is its efficient antioxidant prop-
erties specifically duo to phenolic content [70], flavonoids [23], sterols
and polyphenols [66,67], isoflavones [71]. In the same line, licorice
content of licochalcones B and D also exhibited a strong scavenging
activity on DPPH that protected fibroblasts against oxidative stress
through its ability to prevent the microsomal lipid peroxidation [72].
The wound closure occurs during the proliferative phase as a
consequence of wound contraction by wound edges movement toward
the center [73]. The progression of wound healing can be judged by
periodic assessment of the contraction of the excised wound [74]. Here
the accelerated wound healing was evidenced by declined wound
closure time as a result of better wound contraction in licorice-treated
groups than the control group. We noticed that licorice treated rats
did not trigger any signs of biting or scratching or restlessness reflecting
that licorice extract did not show any pain or irritation signs supported
by histopathological examination of licorice-treated groups that showed
complete re-epithelialization and replacement of necrotic tissue with
granulation tissue as well as reduced cellularity and increased collagen
deposition. Zaki et al. [75] reported faster contraction of the healed
wound topically treated with licorice extract compared with untreated
ones or those subjected to topical application of the vehicle eucerin in
rabbits. As wound contraction is mediated by generation of cellular
forces in the contractile elements of fibroblasts and myofibroblast due to
the expression of a-SMA in microfilament bundles [73]. In accordance
with our IHC expression for a-SMA which was significantly enhanced in

11

licorice treated groups compared with the control group. Midwood et al.
[76] mentioned that the initial minimal degree of wound contraction
during this early stage is related mainly to the activity of the fibroblast in
the wound edges and subcutaneous tissue. On the same context, Oloumi
et al. [77] revealed that the number of fibroblasts and capillary buds
were significantly higher in the licorice-treatment groups while the
epithelial gap was much less reflecting better re-epithelialization than
the control group. Hanafi et al. [78] reported that licorice creams (5%
and 10% w/w) significantly increased the epidermal formation, collagen
deposition and neovascularization in comparison to the control group in
full-thickness wound healing in Guinea pigs. Castangia et al. [67];
Kotian et al. [79] linked licorice promoted wound healing, accelerated
epithelization, ameliorated remodeling and efficient reduction of atopic
dermatitis (AD) symptoms to saponins, sterols and polyphenols free
radical scavenging and antioxidant activities which are known to reduce
lipid peroxidation, thereby reduce cell necrosis and improve vascularity.

There is an important interaction between keratinocytes and fibro-
blasts especially in the mid and late phase of wound healing [80,81]. It is
noteworthy that fibroblasts express both isoforms of the PDGF receptor;
PDGFR-a and PDGFR-f [82]. PDGF enhances fibroblasts proliferation as
well as production of extracellular matrix (ECM) by these cells. These
reports confirmed the critical roles of PDGF, FGF and their receptors for
wound healing. Our observations revealed more monocyte counts with
higher THC expression of bFGF, TGF-f1, and PDGFR1, FGFR1 with
complete epithelialization and faster wound healing in licorice-supplied
groups than the defectively epithelialized control group. Interestingly,
licorice supplied topical and oral groups were side by side in all the
evaluated parameters to be more efficient in wound healing than the
untreated control group but at IHC and molecular gene expression
analysis, the licorice topical application reflected higher response than
the oral application except for PDGFR1 which was higher in oral group
than the topical group but in all situations both licorice-supplied groups
were significantly more efficient for accelerating wound healing than
the control group. Our results are in accordance with Najeeb and
Al-Refai [31] who detected that the topically applied licorice extract
exhibited strong anti-inflammatory activity by inhibiting nitric oxide
and prostaglandin E2 production by macrophages. Licorice extract also
reduced the release of pro-inflammatory cytokines and CD14, tumor
necrosis factor and interleukin-6 (IL-6), and elevated IL-10 production
[83,84]. Furthermore, licorice contains vitamin E, B complex, pan-
tothenic acid, lecithin, biotin, niacin, manganese, calcium, calcium salts,
proteins, and nucleic acids which may aid in wound healing [85].
Similarly, Fuller [86] who applied 1% and 2% licorice topical gel and
found its efficacy in reducing erythema, edema and itching after two
weeks. Moreover, fibroblasts can acquire a myofibroblast phenotype
under the control of keratinocytes. During epidermis regeneration,
activated keratinocytes produced specific keratin proteins which re-
flected the level of their differentiation [87]. Among these proteins,
keratin 14 has been considered as a marker of the basal epidermal layer
[88]. Moreover, Pastar et al. [89] implied that topical application of
basal keratinocytes on wound bed-induced keratinocyte proliferation
factors including keratin 5, 14 that promoted reorganization of the un-
derlying epidermal and dermal layers. Although, declined K14 expres-
sion has been associated with defective re-epithelialization [90]. In
accordance with our study, proliferation marker K14 expression was
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Fig. 5. (A) Immunohistochemistry (IHC) for a smooth muscle actin (a-SMA)-positive myofibroblasts in skin wounds on day 18 post wounding. Histological sections
were stained with an anti «-SMA (marker for myofibroblast) antibody and counterstained with Mayer’s haematoxylin. (a-b) Control group, (c-d) Topical treated
group, (e-f) Oral treated group. (B) Immunohistochemistry for platelets derived growth factor receptor-o (PDGFR-a) positive cells specially fibroblasts in skin wounds
on day 18 post wounding. Histological sections were stained with an anti PDGFR-a antibody and counterstained with Mayer’s haematoxylin. (a-b) Control group, (c-
d) Topical treated group, (e-f) Oral treated group. (C) Immunohistochemistry for fibroblast growth factor receptor 1 (FGFR1) positive cells specially fibroblasts and
keratinocytes in skin wounds on day 18 post wounding. Histological sections were stained with an anti FGFR1antibody and counterstained with Mayer’s haema-
toxylin. (a-b) Control group, (c-d) Topical treated group, (e-f) Oral treated group, showing moderate numbers of FGFR1 positive cells in the dermis. 100,200X
magnification. (D) Immunohistochemistry of the skin tissue from the wound site on day 18 to determine the expression of basal keratinocyte proliferation marker
(K14). Histological sections were stained by immunohistochemistry with an anti-Cytokeratin 14 antibodies and were counterstained with Mayer’s haematoxylin. (a-
b) control group showing incomplete or thin epidermal layers (white lines). (c-d) showing increase of Cytokeratin 14 expression by keratinocytes from (c) topical and
(d) oral treatments with licorice. There is increase in staining intensity and epidermal thickness in samples collected from oral and topical treatments with licorice.
lOOX magnification.

5. Conclusion
Table 3

Immunohistochemical analysis and Scoring of immune-reactivity. S - L
Y & v Licorice extract positively accelerated cutaneous wound healing in

Control gr. Topical gr. Oral gr. rats model through exhibiting potent antioxidant and free radical
(A) Positive area of a-SMA 24.67 +6.70°  53.83+2.82%  56.08 + 2.47° scavenging properties therefore modulated histopathological morpho-
(B) positive area of PDGFR-a  65.00 +2.89° 7275+ 1.59"  93.33 +0.83° logic alteration, enhanced wound angiogenesis and collagen deposition
(C) positive area of FGFR1 18.67 £2.60°  70.20 £ 4.31*  58.20 = 5.16" via up regulating angiogenic bFGF,VEGF and TGE-B genes. More spe-
Mean values with different letters at the same row differ significantly at cifically, we demonstrated for the first time that inducible FGFR1
P < 0.0001. (BFGFR), PDGFR-a and a-SMA expression are sensitive to licorice
administration providing a potential cellular and molecular basis for
much increased in licorice-treated groups compared with the control future treatments with a promising natural and biological active source
group. As far as we know, this is the first report confirming that which can positively influence the cutaneous wound healing via
inducible FGFR1 (BFGFR), PDGFR-a and a-SMA expressions are sensi- numerous bioactive compounds namely saponins, flavonoids and chal-
tive to licorice administration and licorice harnessed myofibroblasts cones of licorice.
differentiation to accelerate dermal wound contraction and closure. We
suggest that licorice with its rich components recruited and activated Institutional review board statement
macrophages and fibroblast activities to produce growth factors that
enhanced the fibroblast proliferation, collagen deposition and angio- The study was conducted based on the recommended NIH Guide for
genesis as crucial factors for the healing process [91]. the care and use of laboratory animals by the Faculty of Veterinary
In the current study, we hypothesized that the presence of licorice Medicine Ethics Committee, Kafrelsheik University, Egypt. All pre-
extract possibly enhanced TGF-p availability in the extravascular envi- cautions were followed to diminish animal suffering during the
ronment for priming cells thus enhanced their response to the normal experiment.
regulatory factors at the site of injury. In this study, we found marked
gene expression levels for bFGF, VEGF and TGF-B in licorice-treated Informed consent statement
groups compared with the control untreated group. Angiogenesis is a
process where the blood circulation in the area of the wound is Not applicable.
increased. This improves the transport of nutrients and oxygen, which
are crucial for the healing process and re-epithelialization of the wound Funding
site [92]. On the same context, Elbialy et al. [12] linked the marked gene
expression levels of bFGF and VEGF to the remarkable wound healing This research was supported by the authors and did not receive
process by enhancing angiogenesis and collagen deposition thus external fund.
improved the epithelialization rate. On the same line, Ortega et al. [93]
reported that FGF signaling has a critical role for efficient healing, while CRediT authorship contribution statement
the bFGF deficient mice reflected a state of wound healing impairment.
Species chemical markers for licorice were proposed by Scalabrin [32], Doaa Hosny Assar: Conceptualization, Data curation, Investigation,

Farag et al. [34] and Rizzato et al. [21]. They identified glabridin, Writing — original draft. Zizy Ibrahim Elbialy: Data curation, Formal
glabrol, 3-hydroxyglabrol, kanzonol Y as markers for G. glabra; glycy- analysis, Writing — review & editing. Nagwan Elhabashi: Formal
coumarin for G. uralensis and licochalcone A and glyinﬂanin A for analysis, Methodology_ Amany Ragab: Formal analysis’ Methodology’
G. inflata. Our UPLC-PDA-MS/MS results indicated the detection of these Resources. Sally Rizk: Investigation, Methodology. Ayman Atiba:
markers in the extract of the licorice sample used in this study (Table 2) Methodology, Validation. Abd-Allah Mokhbatly: Project administra-

confirmed that three species namely G. glabra, G. uralensis and G. inflata tion, Validation. Soad Al Jaouni: Project administration, Resources.
mediated the observed biological effects in this work. Apart from these Aishah E. Albalawi: Writing — review & editing. Norah A. Althobaiti:
markers, these three species have several compounds in common as Writing — review & editing.

previously mentioned in the results section. The extract was found rich
in flavonoids, chalcones, coumarins, phenolic compounds and saponin
(mainly glycyrrhizic acid) which are excellent candidates for
anti-inflammatory and antioxidant effects. Glabridin, glycyrrhizic acid
and licochalcone A, showed an anti-inflammatory effect also these
compounds in addition to hispaglabridin A and B exhibited antioxidant
activities via several mechanisms [94]. However, further investigation
on the regulatory role of licorice active principle on the expression of
several profibrotic genes and matrix metalloproteinases (MMPs) is
needed.

Conflict of interest statement

The authors declare no conflict of interest.
Data availability

The authors confirm that the data supporting the findings of this
study are available within the article [and/or] its Supplementary

materials.

13



D.H. Assar et al.
Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.biopha.2021.112151.

References

[1] R.J. Richardson, Parallels between vertebrate cardiac and cutaneous wound
healing and regeneration, Npj Regen. Med. 3 (1) (2018) 21, https://doi.org/
10.1038/541536-018-0059-y.

P. Bainbridge, Wound healing and the role of fibroblasts, J. Wound Care 22 (8)

(2013) 407-408, https://doi.org/10.12968/jowc.2013.22.8.407.

[3] H. Tanno, K. Kawakami, M. Ritsu, E. Kanno, A. Suzuki, R. Kamimatsuno, N. Takagi,

T. Miyasaka, K. Ishii, Y. Imai, R. Maruyama, M. Tachi, Contribution of invariant

natural killer T cells to skin wound healing, Am. J. Pathol. 185 (2015) 3248-3257.

R. Savari, M. Shafiei, H. Galehdari, M. Kesmati, Expression of VEGF and TGF-f

Genes in skin wound healing process induced using phenytoin in male rats,

Jundishapur J. Health Sci. 11 (1) (2019), e86041, https://doi.org/10.5812/

jjhs.86041.

L.A. Darby, B. Laverdet, F. Bonté, A. Desmouliere, Fibroblasts and myofibroblasts in

wound healing, Clin. Cosmet. Investig. Dermatol. 7 (2014) 301-311.

[6] A. Ridiandries, J. Tan, C. Bursill, The role of chemokines in wound healing, Int. J.

Mol. Sci. 19 (2018) 3217, https://doi.org/10.3390/ijms19103217.

[7] H. Akbari, M.J. Fatemi, M. Iranpour, A. Khodarahmi, M. Baghaee, M.S. Pedram,

S. Saleh, S. Araghi, The healing effect of nettle extract on second degree burn

wounds, World J. Plast. Surg. 4 (2015) 23-28.

A. Sedighi, D. Mehrabani, R. Shirazi, Histopathological evaluation of the healing

effects of human amniotic membrane transplantation in third-degree burn wound

injuries, Comp. Clin. Pathol. 25 (2016) 381-385, https://doi.org/10.1007/500580-

015-2194-9.

M. Abdul Latif, M. Zulasyraf Mohd Zaki, T. May Leng, N. Hidayah Abdul Rahman,

S. Aisyah Arshad, A. Hamid, Alocasia denudata Engler treatment enhance open

wound healing activities in Wistar rat’s skin, J. Ethnopharmacol. 176 (2015)

258-267, 22:709-24.

[10] K.M. Doersch, D.J. DelloStritto, M.K. Newell-Rogers, The contribution of
interleukin-2 to effective wound healing, Exp. Biol. Med. 242 (4) (2017) 384-396.

[11] N. Pazyar, R. Yaghoobi, E. Rafiee, A. Mehrabian, A. Feily, Skin wound healing and
phytomedicine: a review, Skin Pharmacol. Physiol. 27 (6) (2014) 303-310.

[12] Z.I. Elbialy, A. Atiba, A. Abdelnaby, 1.I. Al-Hawary, A. Elsheshtawy, H.A. El-Serehy,
D.H. Assar, Collagen extract obtained from Nile tilapia (Oreochromis niloticus L.)
skin accelerates wound healing in rat model via up regulating VEGF, bFGF, and
a-SMA genes expression, BMC Vet. Res. 16 (1) (2020) 352, https://doi.org/
10.1186/512917-020-02566-2.

[13] Z.I. Elbialy, D.H. Assar, A. Abdelnaby, S. Abu Asa, E.H. Abdelhiee, S.S. Ibrahim, M.
M. Abdel-Daim, R. Almeer, A. Atiba, Healing potential of Spirulina platensis for skin
wounds by modulating bFGF, VEGF, TGF-81 and a-SMA genes expression targeting
angiogenesis and scar tissue formation in the rat model, Biomed. Pharmacother.
(2021).

[14] B. Dorjsembe, H.J. Lee, M. Kim, B. Dulamjav, T. Jigjid, C.W. Nho, Achillea asiatica
extract and its active compounds induce cutaneous wound healing,

J. Ethnopharmacol. 206 (2017) 306-314.

[15] L.S. dos Santos Gramma, F.M. Marques, C. Vittorazzi, T.A.M. de Andrade, M.A.
C. Frade, T.U. de Andrade, D.C. Endringer, R. Scherer, M. Fronza, Struthanthus
vulgaris ointment prevents an over expression of inflammatory response and
accelerates the cutaneous wound healing, J. Ethnopharmacol. 190 (2016)
319-327.

[16] D. Komes, A. Belscak-Cvitanovi¢, S. Juri¢, A. Busi¢, A. Vojvodié, K. Durgo,
Consumer acceptability of liquorice root (Glycyrrhiza glabra L.) as an alternative
sweetener and correlation with its bioactive content and biological activity, Int. J.
Food Sci. Nutr. 67 (1) (2016) 53-66.

[17] J.-S. Jeon, H.-T. Kim, M.-G. Kim, M.-S. Oh, S.-R. Hong, M.-H. Yoon, H.-S. Shin, J.-
H. Shim, N.A. Afifi, A. Hacimuftuoglu, A.M.A.E. Aty, Simultaneous detection of
glabridin, (-)-a-bisabolol, and ascorbyl tetraisopalmitate in whitening cosmetic
creams using HPLC-PAD, Chromatographia 79 (13-14) (2016) 851-860.

[18] G. Pastorino, L. Cornara, S. Soares, et al., Liquorice (Glycyrrhiza glabra): a
phytochemical and pharmacological review, Phytother. Res. 32 (2018)
2323-2339. (https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.6178).

[19] Q. Wang, Y. Qian, Q. Wang, Y.-f Yang, S. Ji, W. Song, M. Ye, Metabolites
identification of bioactive licorice compounds in rats, J. Pharm. Biomed. Anal. 115
(2015) 515-522.

[20] D. MacKay, A.L. Miller, Nutritional support for wound healing, Altern. Med. Rev. 8
(2003) 359-377.

[21] G. Rizzato, E. Scalabrin, M. Radaelli, G. Capodaglio, O. Piccolo, A new exploration
of licorice metabolome, Food Chem. 221 (2017) 959-968.

[22] J.Y. Yu, J.Y. Ha, K.M. Kim, Y.S. Jung, J.C. Jung, S. Oh, Anti- inflammatory
activities of licorice extract and its active compounds, glycyrrhizic acid, liquiritin
and liquiritigenin, in BV2 cells and mice liver, Molecules 20 (7) (2015)
13041-13054.

[23] W. Sieghart, A review: the anti-inflammatory, anticancer, antibacterial properties
of four kinds of Licorice flavonoids isolated from Licorice, Curr. Med. Chem. 25
(2018) 1-13.

[24] H. Sharma, G. Yunus, R. Agrawal, M. Kalra, S. Verma, S. Bhattar, Antifungal
efficacy of three medicinal plants Glycyrrhiza glabra, Ficus religiosa, and Plantago

[2

—

[4

=

[5

—

[8

—

[9

[}

14

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]
[46]

[47]

[48]

[49]

[50]

[51]

Biomedicine & Pharmacotherapy 143 (2021) 112151

major against oral Candida albicans: a comparative analysis, Indian J. Dent. Res.
27 (4) (2016) 433-436.

H. Sharma, G. Yunus, A.K. Mohapatra, R. Kulshrestha, R. Agrawal, M. Kalra,
Antimicrobial efficacy of three medicinal plants Glycyrrhiza glabra, Ficus religiosa,
and Plantago major on inhibiting primary plaque colonizers and periodontal
pathogens: an in vitro study, Indian J. Dent. Res. 27 (2) (2016) 200-204.

K. Fukuchi, N. Okudaira, K. Adachi, R. Odai-Ide, S. Watanabe, H. Ohno,

M. Yamamoto, T. Kanamoto, S. Terakubo, H. Nakashima, Antiviral and antitumor
activity of licorice root extracts, In Vivo 30 (2016) 777-786.

N. Tanideh, P. Rokhsari, D. Mehrabani, S. Mohammadi Samani, F. Sabet
Sarvestani, M.J. Ashraf, O.K. Hosseinabadi, S. Shamsian, N. Ahmadi, The healing
effect of licorice on Pseudomonas aeruginosa infected burn wounds in
experimental rat model, World J. Plast. Surg. 3 (2) (2014) 99-106.

A. Tanaka, M. Horiuchi, K. Umano, T. Shibamoto, Antioxidant and anti-
inflammatory activities of water distillate and its dichloromethane extract from
licorice root (Glycyrrhiza uralensis) and chemical composition of dichloromethane
extract t, J. Sci. Food Agric. 88 (7) (2008) 1158-1165.

X. Chen, D. Fang, L. Li, L. Chen, Q. Li, F. Gong, M. Fang, Glycyrrhizin ameliorates
experimental colitis through attenuating interleukin-17-producing T cell responses
via regulating antigen-presenting cells, Immunol. Res. 65 (3) (2017) 666-680.

Z. Memariani, M. Hajimahmoodi, B. Minaee, F. Khodagholi, A. Yans, R. Rahimi,
G. Amin, G. Moghaddam, T. Toliyat, M. Sharifzadeh, Protective effect of a
polyherbal traditional formula consisting of Rosa damascena Mill., Glycyrrhiza
glabra L. and Nardostachys jatamansi DC., against ethanol-induced gastric ulcer,
Iran. J. Pharm. Res. 16 (2) (2017) 694-707.

V.D. Najeeb, A.S. Al-Refai, Antibacterial effect and healing potential of topically
applied licorice root extract on experimentally induced oral wounds in rabbits,
Saudi J. Oral Sci. 2 (1) (2015) 10-13.

E. Scalabrin, Chemical Characterization of Plant Materials and Development of
Analytical Methodologies for Metabolite Determination (Ph.D. thesis), Universita
Ca’ Foscari Venezia, Italy, 2015.

W.C. Liao, Y. Lin, T. Chang, W. Huang, Identification of two licorice species,
Glycyrrhiza uralensis and Glycyrrhiza glabra, based on separation and identification
of their bioactive components, Food Chem. 132 (4) (2012) 2188-2193, 2012.
M.A. Farag, A. Porzel, L.A. Wessjohann, Comparative metabolite profiling and
fingerprinting of medicinal licorice roots using a multiplex approach of GC-MS, LC-
MS and 1D NMR techniques, Phytochemistry 76 (2012) 60-72.

P. Montoro, M. Maldini, M. Russo, S. Postorino, S. Piacente, C. Pizza, Metabolic
profiling of roots of liquorice (Glycyrrhiza glabra) from different geographical areas
by ESI/MS/MS and determination of major metabolites by LC-ESI/MS and LC-ESI/
MS/MS, J. Pharm. Biomed. Anal. 54 (2011) 535-544.

K. Tanaka, A. Ina, K. Hayashi, K. Komatsu, Comparison of chemical constituents in
Glycyrrhiza uralensis from various sources using a multivariate statistical approach,
J. Tradit. Med. 27 (2010) 210-216.

M. Kiranmai, C.B. Mahendra Kumar, M. Ibrahim, Comparison of total flavanoid
content of Azadirachta indica root bark extracts prepared by different methods of
extraction, Res. J. Pharm. Biol. Chem. Sci. 2 (2011) 254-261.

E. Attard, A rapid microtitre plate Folin-Ciocalteu method for the assessment of
polyphenols, Cent. Eur. J. Biol. 8 (2013) 48-53, https://doi.org/10.2478/s11535-
012-0107-3.

A. Atiba, M. Nishimura, S. Kakinuma, T. Hiraoka, M. Goryo, Y. Shimada, H. Ueno,
Y. Uzuka, Aloe vera oral administration accelerates acute radiation-delayed wound
healing by stimulating transforming growth factor-p and fibroblast growth factor
production, Am. J. Surg. 201 (6) (2011) 809-818, 2011.

M. Buttarello, Quality specification in haematology: the automated blood cell
count, Clin. Chim. Acta 346 (1) (2004) 45-54.

E. Kawahara, T. Ueda, S. Nomura, In vitro phagocytic activity of white-spotted char
blood cells after injection with Aeromonas salmonicida extracellular products, Fish
Pathol. 26 (1991) 213-214.

H. Ohkawa, N. Ohishi, K. Yagi, Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction, Anal. Biochem. 95 (1979) 351-358.

M. Nishikimi, N.A. Rao, K. Yagi, The occurrence of superoxide anion in the reaction
of reduced phenazine methosulfate and molecular oxygen, Biochem. Biophys. Res.
Commun. 46 (1972) 849-854.

D.E. Paglia, W.N. Valentine, Studies on the quantitative and qualitative
characterization of erythrocyte glutathione peroxidase, J. Lab. Clin. Med. (1967).
C. Owens, R. Belcher, A colorimetric micro-method for the determination of
glutathione, Biochem. J. 94 (1965) 705-711.

J.D. Bancroft, M. Gamble, Theory and Practice of Histological Techniques, Elsevier
Health Sciences, Amsterdam, 2008.

N. El-Habashi, Y. Kato, E. El-Nahass, H. Fukushi, A. Hirata, H. Sakai, J. Kimura,
T. Yanai, An ocular infection model using suckling hamsters inoculated with
equine herpesvirus 9 (EHV-9): kinetics of the virus and time-course pathogenesis of
EHV-9-induced encephalitis via the eyes, Vet. Pathol. 50 (2013) 56-64.

T. Nakahara, K. Hashimoto, M. Hirano, M. Koll, C.R. Martin, V.R. Preedy, Acute
and chronic effects of alcohol exposure on skeletal muscle c-myc, p53, and Bcl-2
mRNA expression, Am. J. Physiol. Endocrinol. Metab. 285 (6) (2003)
E1273-E1281.

W. Hu, M.H. Criswell, S.L. Fong, C.J. Temm, G. Rajashekhar, T.L. Cornell, M.

A. Clauss, Differences in the temporal expression of regulatory growth factors
during choroidal neovascular development, Exp. Eye Res. 88 (1) (2009) 79-91.
Y. Zhu, B. Shi, Z. Xu, Y. Liu, K. Zhang, Y. Li, H. Wang, Are TGF-p1 and bFGF
Correlated with Bladder underactivity induced by bladder outlet obstruction? Urol.
Int. 81 (2) (2008) 222-227.

K.J. Livak, T.D. Schmittgen, Analysis of relative gene expression data using real-
time quantitative PCR and the 2 AACT method, Methods 25 (2001) 402-408.


https://doi.org/10.1016/j.biopha.2021.112151
https://doi.org/10.1038/s41536-018-0059-y
https://doi.org/10.1038/s41536-018-0059-y
https://doi.org/10.12968/jowc.2013.22.8.407
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref3
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref3
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref3
https://doi.org/10.5812/jjhs.86041
https://doi.org/10.5812/jjhs.86041
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref5
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref5
https://doi.org/10.3390/ijms19103217
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref7
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref7
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref7
https://doi.org/10.1007/s00580- 015-2194-9
https://doi.org/10.1007/s00580- 015-2194-9
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref9
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref9
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref9
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref9
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref10
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref10
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref11
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref11
https://doi.org/10.1186/s12917-020-02566-2
https://doi.org/10.1186/s12917-020-02566-2
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref13
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref13
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref13
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref13
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref13
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref14
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref14
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref14
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref15
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref15
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref15
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref15
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref15
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref16
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref16
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref16
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref16
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref17
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref17
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref17
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref17
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.6178
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref19
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref19
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref19
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref20
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref20
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref21
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref21
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref22
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref22
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref22
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref22
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref23
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref23
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref23
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref24
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref24
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref24
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref24
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref25
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref25
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref25
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref25
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref26
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref26
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref26
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref27
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref27
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref27
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref27
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref28
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref28
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref28
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref28
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref29
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref29
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref29
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref30
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref30
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref30
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref30
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref30
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref31
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref31
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref31
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref32
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref32
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref32
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref33
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref33
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref33
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref34
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref34
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref34
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref35
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref35
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref35
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref35
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref36
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref36
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref36
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref37
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref37
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref37
https://doi.org/10.2478/s11535-012-0107-3
https://doi.org/10.2478/s11535-012-0107-3
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref39
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref39
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref39
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref39
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref40
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref40
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref41
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref41
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref41
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref42
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref42
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref43
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref43
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref43
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref44
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref44
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref45
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref45
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref46
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref46
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref47
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref47
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref47
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref47
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref48
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref48
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref48
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref48
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref49
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref49
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref49
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref50
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref50
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref50
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref51
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref51

D.H. Assar et al.

[52]
[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

D.N.Z. Ghabaee, M.A. Ebrahimzadeh, J. Akbari, F.T. Amiri, Wound healing activity
of Sambucus ebulus, Int. J. Pharm. Sci. Res. 8 (1) (2017) 132-135.

A. Wells, A. Nuschke, C.C. Yates, Skin tissue repair: matrix microenvironmental
influences, Matrix Biol. 49 (2016) 25-36.

T.A. Wilgus, S. Roy, J.C. McDaniel, Neutrophils and wound repair: positive actions
and negative reactions, Adv. Wound Care 2 (2013) 379-388, https://doi.org/
10.1089/wound.2012.0383.

V.K. Gupta, A. Fatima, U. Faridi, A.S. Negi, K. Shanker, J.K. Kumar, S.P.S. Khanuja,
Antimicrobial potential of Glycyrrhiza glabra roots, J. Ethnopharmacol. 116 (2)
(2008) 377-380.

L. Wang, R. Yang, B. Yuan, Y. Liu, C. Liu, The antiviral and antimicrobial activities
of licorice, a widely-used Chinese herb, Acta Pharm. Sin. B 5 (4) (2015) 310-315.
H. Sinno, S. Prakash, Complements and the wound healing cascade: an updated
review, Plast. Surg. Int. 2013 (2013) 146764-146767, https://doi.org/10.1155/
2013/146764.

S. Guo, L.A. DiPietro, Factors affecting wound healing, J. Dent. Res. 89 (2010)
219-229.

R. Mori, T. Kondo, T. Ohshima, Y. Ishida, N. Mukaida, Accelerated wound healing
in tumor necrosis factor receptor p55-deficient mice with reduced leukocyte
infiltration, FASEB J. 16 (2002) 963-974.

J. Larouche, S. Sheoran, K. Maruyama, M.M. Martino, Immune regulation of skin
wound healing: mechanisms and novel therapeutic targets, Adv. Wound Care 7 (7)
(2018) 209-231, https://doi.org/10.1089/wound.2017.0761.

M. Shinada, M. Azuma, H. Sazaki, I. Yoshida, T. Suzutani, T. Sakuma, 1986.
Enhancement of interferon gamma production in glycyrrhizin-treated human
peripheral lymphocytes in response to concanavalin A and to surface.

H. Soufy, S. Yassein, A.R. Ahmed, Antiviral and immune stimulant activities of
glycyrrhizin against duck hepatitis virus, Afr. J. Tradit. Complement. Altern. Med.
9 (3) (2012) 389-395.

F.A. Okda, S. Yassein, A.R. Ahmed, H. Soufy, S.M. Nasr, Some haematological and
biochemical investigations on duck virus hepatitis following administration of
glycyr-rhizin, ISRN Pharmacol. (2013) 1-10.

P.A. Ayeka, Y. Bian, P.G. Mwitari, X. Chu, Y. Zhang, R. Uzayisenga, E.O. Otachi,
Immunomodulatory and anticancer potential of Gan cao (Glycyrrhiza Uralensis
Fisch.) polysaccharides by CT-26 colon carcinoma cell growth inhibition and
cytokine IL-7 upregulation in vitro, BMC Complement. Altern. Med. 16 (1) (2016)
1-8, 2016.

P.A. Ayeka, Y. Bian, P.M. Githaiga, Y. Zhao, The immunomodulatory activities of
licorice polysaccharides (Glycyrrhiza uralensis Fisch.) in CT 26 tumor-bearing
mice, BMC Complement. Altern. Med. 17 (1) (2017) 536, https://doi.org/10.1186/
§12906-017-2030-7.

C. Shenoy, M.B. Patil, R. Kumar, S. Patil, Preliminary phytochemical investigation
and wound healing activity of Allium cepa linn (liliaceae), Int. J. Pharm. Pharm.
Sci. 2 (2) (2009) 167-175.

I. Castangia, C. Caddeo, M.L. Manca, L. Casu, A.C. Latorre, O. Diez-Sales,

M. Manconi, Delivery of liquorice extract by liposomes and hyalurosomes to
protect the skin against oxidative stress injuries, Carbohydr. Polym. 134 (2015)
657-663.

A. Arino, M. Herrera, G. Estopanan, T. Juan, High levels of ochratoxin A in licorice
and derived products, Int. J. Food Microbiol. 114 (2007) 366-369.

E. Veratti, T. Rossi, S. Giudice, L. Benassi, G. Bertazzoni, D. Morini, C. Magnoni,
18p-Glycyrrhetinic acid and glabridin prevent oxidative DNA fragmentation in
UVB-irradiated human keratinocyte cultures, Anticancer Res. 31 (6) (2011)
2209-2215.

L. Rackova, V. Jancinova, M. Petrikova, K. Drabikova, R. Nosal, M. Stefek,

M. Kovécovd, Mechanism of anti-inflammatory action of liquorice extract and
glycyrrhizin, Nat. Prod. Res. 21 (14) (2007) 1234-1241.

V. Singh, A. Pal, M.P. Darokar, A polyphenolic flavonoid glabridin: oxidative stress
response in multidrug-resistant staphylococcus aureus, Free Radic. Biol. Med. 87
(2015) 48-57.

V. Sharma, A. Katiyar, R.C. Agrawal, Glycyrrhiza glabra: chemistry and
pharmacological activity, in: J.-M. Merillon, K.G. Ramawat (Eds.), Sweeteners:

15

[73]

[74]

[75]
[76]
[77]

[78]

[79]

[80]

[81]
[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

Biomedicine & Pharmacotherapy 143 (2021) 112151

Pharmacology, Biotechnology, and Applications, Springer International
Publishing, Cham, 2016, pp. 1-14.

N. Ozbek, E. Guneren, L. Yildiz, D. Meydan, S. Cakir, M. Coskun, The effect of pre-
operative conventional and hyperfractionated radiotherapy schedules on wound
healing and tensile strength in rats: an experimental study, Int. J. Oral Maxillofac.
Surg. 34 (2005) 185-192.

G.C. Jagetia, G.K. Rajanikant, K.V.N. Mallikarjun Rao, Ascorbic acid increases
healing of excision wounds of mice whole body exposed to different doses of
[gamma] radiation, Burns 33 (2007) 484-494.

A.A. Zaki, M.H. El-Bakry, A.A. Fahmy, Effect of licorice on wound healing in
rabbits, Egypt. J. Hosp. Med. 20 (2005) 58-65.

K.S. Midwood, L.V. Williams, J.E. Schwarzbauer, Tissue repair and the dynamics of
the extracellular matrix, Int. J. Biochem. Cell Biol. 36 (2004) 1031-1037.

M.M. Oloumi, A. Derakhshanfar, A. Nikpoor, Healing potential of liquorice root
extract on dermal wounds in rats, J. Vet. Res. 62 (4) (2007) 147-154.

N. Hanafi, F.T. Amiri, S. Shahani, R. Enayatifard, M. Ghasemi, A.A. Karimpour,
Licorice cream promotes full-thickness wound healing in guinea pigs, Marmara
Pharm. J. 22 (3) (2018) 411-421.

S. Kotian, K. Bhat, S. Pai, J. Nayak, A. Souza, K. Gourisheti, D. Padma, The role of
natural medicines on wound healing: a biomechanical, histological, biochemical
and molecular study, Ethiop. J. Health Sci. 28 (2018) 759-770.

M. Edmonds, M. Bates, M. Doxford, A. Gough, A. Foster, New treatments in ulcer
healing and wound infection, Diabetes Metab. Res. Rev. 16 (Suppl 1) (2000)
S51-S54, 2000.

K.G. Harding, H.L. Morris, G.K. Patel, Science, medicine and the future: healing
chronic wounds, BMJ 24 (2002) 160-163.

M. Tallquist, A. Kazlauskas, PDGF signaling in cells and mice, Cytokine Growth
Factor Rev. 15 (2004) 205-213.

L. Kolbe, J. Immeyer, J. Batzer, U. Wensorra, K. tom Dieck, C. Mundt, Anti-
inflammatory efficacy of Licochalcone A: correlation of clinical potency and in
vitro effects, Arch. Dermatol. Res. 298 (2006) 23-30.

H.M. Kwon, Y.J. Choi, J.S. Choi, S.W. Kang, J.Y. Bae, L.J. Kang, Blockade of
cytokine-induced endothelial cell adhesion molecule expression by licorice
isoliquiritigenin through NF-kappaB signal disruption, Exp. Biol. Med. 232 (2007)
235-245.

D. MacKay, A.L. Miller, Nutritional support for wound healing, Altern. Med. Rev. 8
(2003) 359-377.

F.W. Fuller, The side effects of silver sulfadiazine, J. Burn Care Res. 30 (2009)
464-470.

L.M. Freedberg, M. Tomic-Canic, M. Komine, M. Blumenberg, Keratins and the
keratinocyte activation cycle, J. Investig. Dermatol. 116 (2001) 633-640.

M.A. Peryassu, G. Cotta-Pereira, M. Ramos-e-Silva, A.L. Filgueira, Expression of
keratins 14, 10 and 16 in marginal keratoderma of the palms, Acta
Dermatovenerol. Croat. 13 (2005) 206-211.

1. Pastar, O. Stojadinovic, N.C. Yin, H. Ramirez, A.G. Nusbaum, A. Sawaya, S.

B. Patel, L. Khalid, R.R. Isseroff, M. Tomic-Canic, Epithelialization in wound
healing: a comprehensive review, Adv. Wound Care 3 (2014) 445-464.

K. Muthuramalingam, S. In Choi, Ch Hyun, Y. Mee Kim, M. Cho, p-glucan-based
wet dressing for cutaneous wound healing, Adv. Wound Care 8 (4) (2018)
125-135, https://doi.org/10.1089/wound.2018.0843.

M. Xue, C.J. Jackson, Extracellular matrix reorganization during wound healing
and its impact on abnormal scarring, Adv. Wound Care 4 (3) (2015) 119-136.
M. Getie, T. Gebre-Mariam, R. Rietz, R. Neubert, Evaluation of the release profiles
of flavonoids from topical formulations of the crude extract of the leaves of
Dodonea viscosa (Sapindaceae), Pharmazie 57 (5) (2002) 320-322.

S. Ortega, M. Ittmann, S.H. Tsang, M. Ehrlich, C. Basilico, Neuronal defects and
delayed wound healing in mice lacking fibroblast growth factor 2, Proc. Natl. Acad.
Sci. USA 95 (1998) 5672-5677.

N.A. Mamedov, D. Egamberdieva, Phytochemical constituents and
pharmacological effects of licorice: a review, in: M. Ozturk, K. Hakeem (Eds.), Plant
and Human Health, volume 3, Springer, Cham, 2019, https://doi.org/10.1007/
978-3-030-04408-4_1.


http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref52
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref52
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref53
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref53
https://doi.org/10.1089/wound.2012.0383
https://doi.org/10.1089/wound.2012.0383
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref55
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref55
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref55
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref56
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref56
https://doi.org/10.1155/2013/146764
https://doi.org/10.1155/2013/146764
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref58
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref58
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref59
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref59
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref59
https://doi.org/10.1089/wound.2017.0761
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref61
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref61
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref61
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref62
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref62
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref62
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref63
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref63
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref63
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref63
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref63
https://doi.org/10.1186/s12906-017-2030-7
https://doi.org/10.1186/s12906-017-2030-7
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref65
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref65
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref65
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref66
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref66
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref66
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref66
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref67
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref67
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref68
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref68
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref68
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref68
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref69
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref69
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref69
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref70
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref70
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref70
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref71
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref71
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref71
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref71
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref72
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref72
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref72
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref72
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref73
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref73
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref73
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref74
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref74
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref75
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref75
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref76
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref76
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref77
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref77
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref77
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref78
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref78
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref78
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref79
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref79
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref79
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref80
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref80
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref81
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref81
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref82
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref82
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref82
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref83
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref83
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref83
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref83
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref84
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref84
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref85
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref85
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref86
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref86
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref87
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref87
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref87
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref88
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref88
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref88
https://doi.org/10.1089/wound.2018.0843
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref90
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref90
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref91
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref91
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref91
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref92
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref92
http://refhub.elsevier.com/S0753-3322(21)00935-5/sbref92
https://doi.org/10.1007/978-3-030-04408-4_1
https://doi.org/10.1007/978-3-030-04408-4_1

	Wound healing potential of licorice extract in rat model: Antioxidants, histopathological, immunohistochemical and gene exp ...
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.2 Plant materials and extract preparation
	2.3 UPLC-PDA-MS/MS for metabolite analysis
	2.4 Determination of the total content of flavonoids and polyphenols
	2.5 Experimental animals
	2.6 Experimental design
	2.7 Establishment of full thickness dermal excisional wound
	2.8 Leukogram, immunological and antioxidant parameters
	2.9 Collection of tissue specimens
	2.10 Histological evaluation of healed wounds
	2.11 Immunohistochemical analysis & scoring of immunoreactivity
	2.12 Total RNA extraction and reverse-transcription polymerase chain reaction
	2.13 cDNA synthesis and quantitative real-time PCR of b-FGF, VEGF, TGF-β1
	2.14 Statistical analysis

	3 Results
	3.1 Characterization of the detected compounds and plant species
	3.2 Total content of flavonoids and polyphenols
	3.3 Licorice alcoholic extract in relation to wound healing
	3.4 Leukogram, immunological and antioxidant parameters
	3.5 Histological evaluation of healed wounds
	3.6 Immuno-expression of α-SMA, PDGFR-α, FGFR1 and cytokeratin 14 on skin wound and scoring of immune-reactivity
	3.7 Gene expression analysis

	4 Discussion
	5 Conclusion
	Institutional review board statement
	Informed consent statement
	Funding
	CRediT authorship contribution statement
	Conflict of interest statement
	Data availability
	Appendix A Supporting information
	References


