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Abstract

Staphylococcus aureus and Candida albicans are common pathogens causing some health problems, however, the increase of
their resistance to variety of medications increases the demand of searching for new antimicrobial agents. In this regard, the
crude extract of Quercus infectoria (QIE) was verified as active antimicrobial with MBC of 1 mg/mL and MFC 10 mg/mL
against S. aureus and C. albicans, respectively. SEM imaging of QIE-Treated-S. aureus and C. albicans cells showed fully
lysed shrunk pathogen cells after 12 h. QIE showed good efficacy as potent anti-S. aureus and anti-C. albicans agents using
Extract-Treated Cotton-Textiles. QIE ointment formulation showed faster rate of wound and burn healing in mice, with skin
tissue development, at the 5™ day, as compared to untreated control. A high significant wound closure (from 10 to 0 mm) and
burn healing (from 25 to 2.3 mm) occurred after 6 days of treatment. Molecular docking predicted that ten major components
in QIE namely (G-gallayol, Isocryptomerin, 10.7-methyl-3-hydroxymethylene-4,5,6,7,8-pentahydrox-h-thalene, Syringic acid,
Gallotannic acid, Tannic acid, Pentagalloylglucose 1,5-sitosterol, Methyl oleanate, and Amentoflavone hexamethyl ether) are
highly integrated in healing by promoting cell proliferation, keratinocyte migration, inhibiting collagenase, converting
prothrombin to thrombin, increasing collagens function, enhancing immunity and DNA repair enzymes, as well as reducing
inflammation. The combination of more than one bioactive compound in the extract and their synergetic action recommend
the usage of QIE as effective topical applications for healing and skin disinfection. © 2022 Friends Science Publishers
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Introduction

The skin being the largest body organ, it plays several vital
roles, such as protection, thermoregulation, secretory and
sensory activities (Njoroge and Bussmann 2007; Tayel et al.
2021). Therefore, topical wounds and skin infections require
great attention to prevent secondary complications caused by
microbial invasion. Both S. aureus and C. albicans are
involved in skin infections and represent globally a major
burden on the human health (Golan 2019). However,
antibiotics misuse gave rise to antibiotic resistance and
resistant strains, which represent a serious problem (Smet
2002).

Nevertheless, the plant Kingdom continuously provide
valuable compounds to humans, which can be used in
medicinal purposes (Khan et al. 2021). Most plants
derivatives are commonly considered safe, eco-friendly, and
have lower cost as compared to synthetic chemicals (Sun et
al. 2021). Since prehistoric times, medicinal plants were

used as herbal medication to treat several diseases, where
their antimicrobial properties make them rich resource for
effective medication (Mseddi et al. 2020). Medicinal plants
usage decreases the side effects often associated with
synthetic antimicrobials (Khan et al. 2021). According to
World Health Organization (WHO) reports, medicinal
plants are the greatest source for many drugs (Képpeli et al.
2011). The WHO suggests the addition of traditionally used
phytomedicine, if they were verified as safe. In this respect,
Quercus infectoria is wvery gorgeous in tannins and
flavonoids. Quercus infectoria tree is located in the
Mediterranean region, normally known as oak galls
(Greenish 1999; Morales 2021). Q. infectoria extract (QIE)
was commended in folkloric remedy for leucorrhea,
menstruation, dysentery, hemorrhages, gonorrhea, as well as
in mouthwash/gargle being potent antimicrobial and
antiviral agent (Tayel et al. 2013; Morales 2021).

On the other hand, natural derivatives were used for
promoting wound healing, as alternatives to chemotherapy,
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it has attained great attention to control skin infections and
stimulate its regeneration (Gonzalez et al. 2016). Even
though many medications are present to remediate and
renew injured skin, antibiotics and anti-inflammatory
treatments are still not sufficient enough to overcome the
infection caused by skin’s pathogens (Tottoli et al. 2020).
Topical medicament agents were used as one of the primary
treatments and to prevent infection, though, they can cause
allergic reactions that can postpone the healing process.
Therefore, the discovery of new bio-safe wound healing
agents is highly required. In this regard, medicinal plants
also provide a wide area of research due to the vast diversity
of phytochemicals with antioxidant, anti-inflammatory,
antimicrobial and immuno-modulatory activities (Heidari et
al. 2019). It is believed that medicinal plant extracts (PE)
have lower cytotoxicity, with variety of phytochemicals that
might act synergistically inhibiting many microorganisms
with no resistance development (Yin et al. 2018).
Fabrications of wound healing formulations based on
plants’ extracts and biopolymers were recommended as
effective treatments for injured tissues besides their action
as anti-inflammatory and antimicrobial agents (Tottoli et al.
2020; Tayel et al. 2021). Accordingly, the main objective of
current study was to evaluate the antimicrobial effect of
selected medicinal plant extracts (PE), against the two skin
pathogens S. aureus (ATCC 6538) and C. albicans (ATCC
10231), using qualitative and quantitative methods.
Fabrication of Plant Extract-Treated Cotton-Textiles were
designed. The wound and burn healing potential of Q.
infectoria was evaluated in vivo, and molecular docking of
major bioactive compounds in QIE towards predicted
proteins target in human was investigated.

Materials and Methods
Plants and chemicals

Different plant parts were used for crude extracts including,
Aloe vera, Lapidium sativum, Phyllanthus emblica, Punica
granatum and Quercus infectoria were obtained from
Agricultural Research Center, Giza, Egypt. All media are
ready-use media purchased from Oxoid Company for
microbiological media and chemicals, UK. Tween 80,
anesthetic ether and 70% ethanol were purchased from
Algomhoryia Company for Chemicals, Cairo, Egypt.
Vaseline (a purified mixture of saturated hydrocarbons
mainly of paraffinic nature), used in medicinal ointments,
was obtained from Saif Pharmacy, Cairo, Egypt.

Microbial strains and culture media

S. aureus (ATCC 6538) strain and C. albicans
(ATCC10231) strain were purchased from MIRCEN, Ain
shams university, Egypt. Nutrient agar media was used for
bacteria culturing with the following composition (g/L);
beef extract 3, peptone 5, sodium chloride 5, and agar 20,

with final pH 7. Trypticase Soy broth medium with the
following composition (g/L); beef Infusion 30, casamino
acids 17.5, starch 1.5, with final pH 7.3 and Yeast Malt
Peptone (YMP) medium, with the following composition
(g/L); yeast extract 3, malt extract 3, peptone 5, glucose 10
with final pH 6 were used for culturing and maintenance of
yeast.

Plants crude extraction

A. vera (leaves), L. sativum (seeds), P. emblica (Fruits), P.
granatum peel extract (PPE) and Q. infectoria (fruits) were
dried and ground using a mixer grinder (Spex Ind. Inc.,
Metuchen, NJ), the plant parts were dried, ground, and
powdered to get ~ 60 mesh size particles. 50 g from each
plant powder was mixed with 250 mL of 70% ethanol, left
for 72 h, with occasional shaking. Extracts were filtered,
through Buchner funnel, the extracts were pooled, and
evaporated to remove the solvent at 50°C using flash
evaporator. The crude extracts were further dried in a
desiccator under vacuum until constant weight (Fig. 1).

In vitro qualitative evaluation of antimicrobial activity

The antimicrobial potentiality of plant extracts (PE), toward
S. aureus and C. albicans strains were evaluated, using
qualitative methods. Pathogens were grown in nutrient
broth and YMP broth medium for 24 h, inoculum was
standardized with sterile-saline to turbidity equivalent to
0.5 McFarland scale (1-2 x 10% and 1-5 x 10°® CFU/mL),
respectively. Disc diffusion test was done according to
CLSI (2010); 100 pL inoculum suspension from either S.
aureus or C. albicans strain were spread uniformly over 20
mL agar medium in sterile petri-dishes. Sterile discs were
loaded with 25 pL of PE aliquots, placed on the medium.
For well diffusion assay, 100 pL of the pathogen inoculum
suspension from either S. aureus or C. albicans were
spread uniformly over the medium, 50 pL from each PE
was added to 6 mm-wells. All inoculated plates were
incubated at 37°C or 30°C, for 24-48 h. The microbial
activity was measured in mm by the inhibition zone (ZOl)
width.

Quantitative evaluation of antimicrobial activity

S. aureus and C. albicans were grown in nutrient broth and
YMP broth media for 24 h, respectively, inoculum was
standardized with sterile saline to turbidity equivalent to 0.5
McFarland scale. The MIC was determined using 10-folds
serial dilution prepared from each plant extracts, diluted
using sterilized culture medium, transferred to plates,
inoculated with pathogen. The plates were examined for
the presence of growth and the lowest concentration of
PE leading to complete inhibition was designated as the
minimal bactericidal or fungicidal concentrations
(MBC) or (MFC).
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Fig. 1: Collection of plant materials and preparation of extracts
from various parts

Fabrication of extract-treated cotton textiles

Standard and scoured cotton textiles were used for
impregnating with QIE or PPE. The method of “pad-dry-
cure” was performed for textile finishing. 1 x 1 cm? cotton
fabrics were cut and immersed in extracts solution, at their
MBC levels, stirred for 2 h at 50°C, then padded and
squeezed using 2 nips and dips to 100% wet pick up.
Treated cotton fabric pieces were dried for 3 min at 37°C, as
described by Tayel et al. (2013). The antimicrobial
evaluation of extract-treated fabrics was conducted using
Z0I assay on inoculated plates with pathogen.

SEM imaging

SEM imaging was done according to Marrie and Costerton
(1984) method for revealing the antimicrobial action of PE
on tested microbes. 18 h-old pathogen strains were treated
with plant extract (QIE) at their corresponding MBC and
MFC, respectively. Treated bacteria and yeast were
incubated for 6 h and 12 h at 37°C and 30°C, respectively.
Samples were fixed using fixative solution (2.5%
glutaraldehyde, 2% paraformaldehyde dissolved in 0.1M
sodium-cacodylate buffer, pH 7.3) for 30 min. Fixed samples
were dehydrated using ethanol concentrations (10-100%),
mounting onto stubs and sputter-coated with palladium/gold.
Micrographs were captured using SEM (S-500-Hitachi,
Japan) at 25 kV and 10 kx, at Theodor-Bilharz Research
Institute, Cairo, Egypt.

Wound and burn healing potentiality of QIE

Adult female Swiss albino mice (180-200 g) at National

Research Center, Cairo, Egypt were kept in standard
stainless-steel cages maintained in the animal house under
laboratory conditions (relative humidity 60-70%, Temp. 23
+ 2°C, 12 h/12 h light/dark cycle). Mice were fed with
balanced diet and water adlibitum. All the animal
experiment was performed according to the departmental
ethical committee guidelines (Principles of Laboratory
Animal Care NIH publication no. 85-23, revised 1985). The
ointment was formulated using 10% (w/w) of QIE with soft
paraffin base. Anesthesia was made by intraperitoneal
injection of aesthetic ether (50 mg/kg body weight). Dorsal
parts of animals were shaved, burn or wounds were created
on the shaved area of rats using a burn set with an aluminum
rod (1.5 cm) heated at 110°C and exposed to 1 atm. pressure
for 10 s. Treatment started after 1h after burn wound
induction. For wound model, skin excision wounds were
created using a punch biopsy needle. The entire wound was
left open and ointment was daily applied twice daily, to
cover all over the wound and burn. The study comprised
four different groups; each group consists of 6 animals. All
groups were left for 7 days as follow: Group | and IlI:
wound and burn control with no treatment, Group Il-wound
treated and Group IV-burn treated with prepared ointment,
twice daily. The reductions and progressive changes in
wound area were monitored and the wound area was
measured and evaluated on a mm scale graph paper.

Molecular docking and statistical analysis

Molecular docking for predicted protein target in human
was done on Homo sapiens database using Swiss Docking
online program (Gfeller et al. 2013). Antimicrobial
assessment was conducted in triplicates, standard deviations
and means were calculated using Microsoft Excel software
(2010). Data were expressed in their mean values £ SD
(standard deviation).

Results

In vitro antimicrobial activity

In this study, five medicinal plants were evaluated for their
potential antimicrobial activities toward the two skin
pathogens S. aureus and C. albicans strains (Table 1). The
antibacterial activity varied among examined extracts; the
most significantly powerful extract was that of P. granatum
extract (PPE) as evidenced by its widest ZOI of 21 + 1.7
mm and the lowest MBC of 0.1 mg/mL. Also, Q. infectoria
extract (QIE) showed significant antibacterial activity with
ZOlI of 18.3 £ 1.5 mm and 1 mg/mL MBC, against the S.
aureus strain. The most significant antifungal extract was
QIE against C. albicans as verified by its widest ZOI of 27
+ 0.5 mm and MFC of 10 mg/mL, followed by PPE. All
other extracts showed no significant activity against both
pathogens (Table 1 and Fig. 2). PPE and QIE exhibited
strong antibacterial and antimycotic activities, thus, they
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Table 1: (A) Antimicrobial activity of selected plant extracts against S. aureus (ATCC 6538), measuring Zone of Inhibition (ZOl),
Minimal Bactericidal Concentration (MBC) and Minimal Fungicidal Concentration (MFC). B. Anti-S. aureus and anti-candidal effect of

QIE and PPE loaded on cotton fibers, at different MBC/MFC

Extracted plants A

S. aureus (ATCC 6538)

C. albicans (ATCC 10231)

Commercial name Scientific Name Used part ZOI (mm) MBC (mg/mL) ZOl (mm) MFC (mg/mL)
Oak gall Quercus infectoria Fruits 18+15 0.1 27+05 0.1
Aloe Aloe vera Bark 00 00 00 00
Cress Lepidium sativum Seeds 00 00 00 00
Phyllanthus Phyllanthus emblica  Fruits 00 00 00 00
Pomegranate Punica granatum Peels 21+1.7 0.01 203+15 ND
(B) Concentration Plant Extract Zone of inhibition (mm)
S. aureus (ATCC 6538) C. albicans (ATCC 10231)
MBC/MFC QIE ND ND
PPE ND ND
1.5 X MBC/MFC QIE ND ND
PPE ND ND
2 X MBC/MFC QIE 21+1 21+1
PPE 16.5+0.5 ND

Data are average of 3 replicates = SD (standard deviation)

were chosen for further investigations to elucidate their
potential antimicrobial actions.

Plant Extracts-treated cotton textiles

Results in Table (1B) revealed that the applications of QIE
and PPE in cotton textile was successful as anti-S. aureus.
The mean ZOI using QIE-treated textiles was 21 + 1 mm at
2MBC with S. aureus. Whereas, PPE-loaded textiles
showed ZOI of 16.5 + 0.5 mm against S. aureus. QIE
application was effective for inhibiting C. albicans. The
mean ZOI using QIE-treated textiles was 21 + 1 mm at
2MBC against C. albicans, whereas, no inhibition zones
were observed with PPE-loaded textiles.

SEM imaging

Treated cells with MIC concentration of QIE (Fig. 3)
showed that the treatment caused remarkable morphological
alterations as compared with control. After only 6 h (Fig. 3),
treated-S. aureus and treated-C. albicans cells were shrunk,
tiny and dehydrated, while, after 12 h of exposure to the
extract, cells were completely disrupted and lysed, the
cellular components as well as debris were only observable.
After 12 h, cells lost their water contents, it could be
expected that all biological processes inside the cells are
affected, no cell wall synthesis, and cells tended to deform
and lyse.

Wound, burn healing activities of QIE and docking
analysis

Results (Table 2) revealed the reduction of wound area of
different groups over the period of 7 days. At the 5™ day, a
significant closure of wound from 10 to 2.3 mm was
observed. The control group has shown gradual closure of
wound; but complete wound closure was not observed until
the 7" day (Table 2. In case of QIE-treated burn complete
healing occurs in the 7" day (from 25 mm to 0 mm) as

[ 2 d2) ;f,w: a

Fig. 2: Disc diffusion assay using QIE (1) and PPE (2) against C.
albicans (C) (ATCC 10231) and S. aureus (S) (ATCC 6538)

compared with control in which no full cure was observed
(6.7 mm). QIE ointment (10%) showed significantly better
wound and burn healing effect, with reduction in the burn
wound size from 25 mm to 2.3 mm at the 6" day, as
compared to control (Table 2; Fig. 3).

The application of Q. infectoria extract in wound/burn
healing shows significant curing activity for wound and
burn in mice. To explain the medicinal effect of QIE on
wound healing, molecular docking of the major components
in QIE was estimated in Homo sapiens database to detect
the predicted protein targets in human and its role in healing
process using Swiss Docking online program (Table 3 and
Fig. 5). Ten major bioactive molecules namely, G-gallayol,
Isocryptomerin, 10.7-methyl-3-hydroxymethylene-
4,5,6,7,8-pentahydrox-h-thalene, Syringic acid, Gallotannic
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Table 2: Effect of QIE treatment on the development of induced

wound and burn in mice for 7 days

Treatment (day) Wound length (mm)  Burn mean diameter (mm)
Control  Treated Control Treated

1 10 10 25 25

2nd 98+03 7.8+025 25%1 23+1

3 8505 57+x02 226+06 147+06

4h 75+05 37+£06 193%11 106+0.6

5 6.2+03 23+02 136+06 53+06

gt 4703 0 10.6+0.6 23+06

7" 32+03 0 6.7+0.6 0

Data are average of replicates + SD (standard deviation)

acid, Tannic acid, Pentagalloylglucose 1, p-sitosterol,
Methyl oleanate and Amentoflavone hexamethyl ether were
detected in GC/MS analysis of QIE.

Discussion

Natural antimicrobial compounds, especially from plant
origins, are generally-recognized-as-safe (GRAS), with
rapid biodegradability and least mammalian cytotoxicity;
marking them as ideal eco-friendly safe agents, due to its
bioactive phytochemicals and their possible synergistic
effect (Isman 2000). The proliferation in resistance to many
antimicrobial agents by microorganisms has been increased
with time, therefore the necessity of searching for novel
agents became essential. As a result, evaluating plant
extracts known to have medicinal value is highly
recommended for the developing of new antimicrobial
agents. PPE and QIE exhibited strong antibacterial and
antimycotic activities, thus, they were chosen for further
investigations to elucidate their potential antimicrobial
actions. Similarly, Baharuddin et al. (2015) screened the
anti-activity of QIE against C. albicans, C. glabrata, C.
krusei, C. tropicalis, and C. parapsilosis and reported ZOI
ranging 9.33-23.00 mm and MFC of 4.00, 1.00, 0.25, 8.00,
2.00 mg/mL, respectively. The main benefits for using
natural extracts, such as PPE or QIE as antimicrobials are
their efficacious, bio-safe and low-cost as compared to
synthetic chemicals (Ribeiro et al. 2015). PPE is very rich in
phenolic compounds, which are powerful bio-agents
(Cowan 1999). The application of GRAS extracts as
antimicrobial agent does not permit resistance by pathogenic
bacteria; because the presence of variety of bioactive
compounds will be very hard for most microorganisms to
resist them all. QIE is popular medicinal plant used
traditionally in postpartum care, and for treatment of various
disorders. QIE is highly rich in tannins therefore,
demonstrate anti-inflammatory, anti-microbial, and anti-
oxidant activities (Baharuddin et al. 2015). QIE is used in
folkloric-medicine as remedial agent for hemorrhages,
dysentery, gonorrhea and as mouthwash (Morales 2021).
Finished cotton textiles with anti-S. aureus plant extracts
could be recommended for the application in manufacturing
surgery coats, intensive care, bed covers, wound dressings,
and medical antibacterial bandages. In addition, QIE can be

C. albicans S. aureus

mag WD |spot| mag WD |spot| 10 ym
3000x13.0 mm| 3.5 [10000x{13.0 mm| 3.5 Theodor Bilharz Research Institute

Fig. 3: Anti-staphylococcal and anti-candidal action of Q.
infectoria extract (QIE) against S. aureus (ATCC 6538) and C.
albicans (ATCC 10231), control with no plant extract (A), after
exposure to corresponding MBC for 6 h (B), and 12 h (C) as
evidenced by SEM micrographs

»
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q

Treated Burn Control

Fig. 4: Healing assessment of wound and burn in mice through 7
days’ treatment with formulated ointment containing QIE, wound
(A), Burn (B), and control with no treatment

used as an effective anti-candidal agent in antiseptic
suspensions and solutions and as a final agent for disposable
anti-candidal cotton textiles.

Tannins originated from plants were verified as
effective antimicrobials (Min et al. 2008); probably through
their interaction with microbial cell proteins.
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Table 3: Selected proteins target and predicted mode of action for major bioactive compounds in QIE using Swiss docking target online

program
Phenolic Compounds Expected Protein Target Gene Uniport ID _ Reference
Ho 5 Insulin-like growth factor 1 receptor IGF1IR P08069 Abbot et al. (1992)
Alpha-(1,3)-fucosyltransferase 7 FUT7 Q11130 Maly et al. (1996)
Carbonic anhydrase-9 CA9 Q16790 Humphray et al. (2004)
Plasminogen activator inhibitor 1 SERPINE1 P05121 Providence et al. (2008)
HO OH
OH
G-galloyol
Mast/Stem cell growth factor receptor KIT P10721 Taniguchi et al. (1999)
HO. O 3 & Aldo-keto reductase family 1 member B1 AKR1B1 P15121  Shenetal. (2011)
OH O
Isocryptomerin
on on Stromelysin-1 MMP P08254 Newman et al. (1994)
Matrix metalloproteinase-9 MMP9 P14780 Newman et al. (1994)
xn OH Interstitial collagenase MMP1 P03956 Desrochers et al. (1991)
HO .‘
H,C OH
oH
10.7-methyl-3-hydroxymethylene-4,5, 6,7, 8-pentahydrox-h-thalene
Table 3. Continued Phenolic Compounds Expected Protein Target Gene Uniport ID  Reference
cH Carbonic anhydrase 9 CA9 Q16790 Humphray et al. (2004)
o 3 Plasminogen activator inhibitor 1 SERPINE1 P05121 Providence et al. (2008)
HO
OH
o
I
CH3 o
Syringic acid
n Thrombin and Coagulation factor X F10 P00742 Walker et al. (1980)
n Tyrosine-protein phosphatase non-receptor type 2 PTPN2 P18031 Simoncic et al. (2002)
“ I Tyrosyl-DNA phosphodiesterase -1 TDP1 QINUWS  Raymond et al. (2004)
. ' " " " Plasminogen activator inhibitor 1 SERPINE1 P05121 Providence et al. (2008)
n !
L1
1 ] n 1
L1 n, L]
1 ]
' m '
n L] n
L1] [} IW n, L] n
1
n
(1] n n 1
n n n
1
n
n
Gallotannic acid
- Thrombin & Coagulation factor X F10 P00742 Walker et al. (1980)
" - - Tyrosine-protein phosphatase non-receptor type 2 PTPN2 P18031 Simoncic et al. (2002)
. " " " Tyrosyl-DNA phosphodiesterase -1 TDP1 QINUWS  Raymond et al. (2004)
" Plasminogen activator inhibitor 1 SERPINE1 P05121 Providence et al. (2008)

205 &
W
o

Tannic acid
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Table 3: Continued

oH Thrombin & Coagulation factor X F10 P00742 Walker et al. (1980)
e o Tyrosine-protein phosphatase non-receptor type 2 PTPN2 P18031 Simoncic et al. (2002)
Tyrosyl-DNA phosphodiesterase-1 TDP1 QINUWS  Raymond et al. (2004)
- Plasminogen activator inhibitor 1 SERPINE1 PO05121 Providence et al. (2008)
oH
o o
[
o OH
HO 1] o
[ [
[] o OH
Hi o
aH
oH
oH
HOo oH
aH

Pentagalloylglucose 1

B-sitosterol

Prostaglandin G/H synthase 2 (Cyclooxygenase 2) PTGS2 P35354 Xie et al. (1992)

|

Methyl oleanate

Amentoflavone hexamethyl ether

Androgen receptor AR P10275 Gottlieb et al. (2004)

Tyrosine-protein phosphatase non-receptor type 2 PTPN2 P18031 Simoncic et al. (2002)
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¥ Reduce inflammation

ing
on & transformation.
3 muscle
v Regulate cell adhesion/spreading
+ Stimulate keratinocyte migration for injury repair

+ Enhance coagulation factor-

to convert prothrombin to thrombin
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Fig. 5: Predicted mode of action for major bioactive compounds in QIE using Swiss docking target online program
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As a result, tannins inactivate some vital mechanisms,
such as microbial adhesions, enzymes activity, proteins
transport and oxidative phosphorylation (Scalbert 1991;
Shimada 2006). QIE can increase the osmotic pressure in
the surrounding media, due to its high contents of bioactive
phytochemicals, thus, derive the microbial cells to release
their interior contents. After 12 h, cells lost their water
contents, it could be expected that all biological processes
inside the cells are affected, no cell wall synthesis, and cells
tended to deform and lyse. QIE can interact with the
microbial membrane and cell wall, increasing their
permeability and causing the release of their interior
components. Plant extracts penetrate the cells and interact
with vital components such as, DNA, RNA, enzymes, etc.,
causing their inactivation or inhibiting their synthesis
(Isman 2000; Tayel et al. 2018a, b). Similarly, Tayel et al.
(2018a) reported that 1% QIE was effective against some
pathogens such as, S. aureus, C. albicans and E. coli.
Generally, the majorities of natural antimicrobials,
especially from plant origins, are GRAS with quick
biodegradability and least mammalian cytotoxicity; which
recommend them as ideal ecofriendly safe antimicrobials
(Isman 2000).

Wound, Burn Healing Activities of QIE and Molecular
Docking

Topical antibiotics are used for managing of burn/wound,;
however, finding new medication with higher efficacy and
lower side effects is still considered as a priority (Dwivedi et
al. 2017; Tayel et al. 2021). Umachigi et al. (2008) reported
that wound healing and repair was enhanced by applying
QIE, e.g. skin coverage of the wound area by structured
epidermis and dermal mature tissue. The bioactive
components in QIE such as, tannins and phenolics exert
antioxidant and anti-microbial activities, which accelerate
the healing process (Umachigi et al. 2008; Tayel et al.
2018a, b). QIE has demonstrated antioxidant and anti-
inflammatory effects, along with its antimicrobial
properties, are probably responsible for wound contraction
and enhancement of tissue epithelization, developing rapid
crust through protein precipitation, therefore, increase fasten
wound healing (Anlas et al. 2019). Docking analysis of the
major components in QIE was estimated in Homo sapiens
database to detect the predicted protein targets in human and
its role in healing using Swiss Docking online program
(Gfeller et al. 2013). Ten major bioactive molecules namely,
G-gallayol, Isocryptomerin, 10.7-methyl-3-
hydroxymethylene-4,5,6,7,8-pentahydrox-h-thalene,

Syringic  acid, Gallotannic  acid, Tannic acid,
Pentagalloylglucose 1, p-sitosterol, Methyl oleanate and
Amentoflavone hexamethyl ether were detected in GC/MS
analysis of QIE (Zhu et al. 2009; Hameed et al. 2015;
Muthu and Gardetti 2016; Elham et al. 2021). The 1%
bioactive molecule is G-gallayol with (-6.84 cm/s skin
permeation) calculated as log kp according to Potts and Guy

(1992). Several mode of actions have been predicted for G-
gallayol, it targets the 2-a-(1,3)-fucosyltransferase 7 that
enable the leukocytes to accumulate at the inflammation
site, thus reduce inflammation (Maly et al. 1996). It stops
cell apoptosis by enhancing carbonic anhydrase-9 enzyme
produced by CA9 gene and Insulin-like-growth factor-1
receptor (IGFIR) produced by IGF1R gene, it enhances
tissue renewing process (Providence et al. 2008). Also, the
reversible hydration of CO, by carbonic anhydrase-9
enzyme involved in cell proliferation and its transformation,
while IGFIR enhances protein synthesis through
mechanistic target of rapamycin activation required for
myofibrillar muscle protein synthesis, and triggers the
antiapoptotic  effects. Moreover, G-gallayol enhance
plasminogen activator inhibitor-1 (PAI-1) produced by
SERPINEL gene, it regulates cell adhesion/spreading, and is
required for the stimulation of keratinocyte migration during
cutaneous injury repair (Maly et al. 1996; Humphray et al.
2004; Providence et al. 2008). The 2" bioactive molecule is
Isocryptomerin  with (-5.68 cm/s) skin permeation. It
enhances Mast and Stem cells growth factor receptor KIT
produced by KIT gene, which is important in cell-surface
receptor for the cytokine KITLG/SCF, which is vital in the
regulation of cell survival, proliferation, hematopoiesis,
Stem cell maintenance, Mast cell development and function.
Also, it enhances the Aldo-keto reductase family 1 member
B1 enzyme produced by AKR1B1 gene, that plays a role in
detoxifying dietary and lipid-derived unsaturated carbonyls
(Taniguchi et al. 1999; Shen et al. 2011). The 3" bioactive
molecule is 10.7-methyl-3-hydroxymethylene-4, 5, 6, 7, 8-
pentahydrox-h-thalene which has (-7.6 cm/s) skin
permeation. It inhibits 3 types of enzymes (Stromelysin-1,
Matrix metalloproteinase-9 and Interstitial collagenase
produced by MMP, MMP9 and MMP1 genes, respectively
(Whitham et al. 1986; Brinckerhoff et al. 1987; Saus et al.
1988; Huhtala et al. 1991). These enzymes are responsible
for degrading fibronectin and different types of collagens,
such as I, II, I, 1V, V, VII and X collagens. It is well
known that both collagen and fibronectin play an essential
role in wound healing (Saus et al. 1988; Harsha and
Brundha 2020). Collagen is a unique, triple-helix protein,
forming the major part of extracellular dermal matrix
(Harsha and Brundha 2020). Collagen is crucial for
activating cell migration and tissues regeneration via
stimulating fibroblasts and macrophages, thus, enhance and
speed up the healing process (Harsha and Brundha 2020).
Furthermore, the fast wound healing period, after treatment
with QIE and the absence of inflammation and infection
signs in treated wounds/burns indicated the synergistic
potent effect of QIE to overcome wound infections as well
as inflammation, thus, promote faster skin epithelization and
regeneration. The 4™ bioactive compound is Syringic acid
that has (-6.77 cm/s) skin permeation, it targets Carbonic
anhydrase-9 enzyme produced by CA9 gene that
participates in pH regulation, and involved in cell
proliferation and transformation. The 5%, 6" and 7"
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bioactive compounds namely, Gallotannic acid, Tannic acid
and Pentagalloylglucose 1 target the same proteins (Table
3 and Fig. 4), they target coagulation Factor-X protein
produced by F10 gene, which is a vitamin K-dependent
glycoprotein that converts prothrombin to thrombin in the
presence of calcium and phospholipid during the process of
blood clotting. They have selective cleavage for Arg-|-Thr
and Arg-|-lle that bonds prothrombin to form thrombin
(Walker et al. 1980). Also, they target Tyrosine-protein
phosphatase non-receptor type-2 (PTPN2) which negatively
regulates many signaling and biological processes such as,
cell proliferation/differentiation, hematopoiesis,
inflammatory response and glucose homeostasis. They are
important in the immune system development, control T-
cells differentiation as well as activation (Simoncic et al.
2002). In addition, target Tyrosyl-DNA phosphodiesterase-1
produced by TDP1 gene which is a DNA repair enzyme
(Raymond et al. 2004). The 8" bioactive compound is -
sitosterol has (-2.20 cm/s) skin permeation, it targets
androgen receptor produced by AR gene, this steroid
hormone receptor are ligand-activated transcription factors
that regulate eukaryotic gene expression and affect cellular
proliferation and differentiation in target tissues (Gottlieb et
al. 2004). The 9™ bioactive compound is Methyl oleanate (-
2.84 cm/s skin permeation), it targets Prostaglandin G/H
synthase-2 produced by PTGS2 gene that works as dual
peroxidase and cyclooxygenase for biosynthesis of
prostanoids, a class of C20 oxylipins that have particular
role  in  inflammatory  response. It converts
docosapentaenoate to 13R-HDPA, a precursor that activates
phagocytosis during infection (Xie et al. 1992; Barnett et al.
1994; Landino et al. 1997; Dalli et al. 2015). Finally, the
10" bioactive compound is Amentoflavone hexamethyl
ether with (-5.57 cm/s skin permeation), it targets Tyrosine-
protein phosphatase non-receptor type-2 produced by
PTPN2 gene, which negatively regulates some biological
processes such as, hematopoiesis, inflammation, cell
proliferation and its differentiation. Also, it has important
role in the immune system development, T-cell receptor
signaling, T-cells differentiation/activation (Simoncic et al.
2002). Medicinal plants are GRAS and natural acting in a
synergized way. Hence, the source of ethno pharmacology
does not always be in a single active compound, but rather
due to the combination of more than one bioactive
compound in the plant extract (Rahman et al. 2017).

Conclusion

PPE and QIE showed antimicrobial activity against the skin
pathogens S. aureus and C. albicans. SEM imaging
confirmed the action of QIE against both skin pathogens,
where, the microbial cells were fully disrupted and lysed,
after 12h of exposure to QIE because of its high content of
bioactive phytochemicals, as compared to the untreated
control. Both plant extracts are GRAS and can used as
antimicrobial agents. The successfulness of QIE and PPE

applications for the fabrication of anti-S. aureus and anti-C.
albicans textiles, highlight their effectiveness and
applicability for skin pathogens control. Results revealed
that 10% QIE has good efficacy in wound closure and tissue
repair; thus, can be recommended for wounds or burns
treatment associated with microbial infections. Molecular
docking predicted the main targets of ten major components
commonly found in QIE, these bioactive compounds are
highly integrated in wound healing, they are involved in the
enhancement of immune system, promoting proliferation,
migration of Kkeratinocyte, increasing the function of
collagens, converting prothrombin to thrombin, activating
DNA repair enzyme, as well as reducing inflammation in
addition to its potent antimicrobial activity to control skin
pathogens.
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