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The Multidrug Drug Resistance (MDR) and Pan-Drug Resistance (PDR) remain an intractable challenge
issue in public health, worldwide. Plant extracts-based biological macromolecules containing a diverse
array of secondary metabolites could be potentially used as alternative approaches to control or limit
MDR/PDR infections. Plants of the Solanaceae family exhibit a wide variety of secondary metabolites with
antioxidant and antimicrobial properties, which render them a significant role in food and pharma-
ceutical applications. To our knowledge, this is the first report on phytochemical constituents, antioxi-
dant, antimicrobial activities and in vivo toxicological safety of Lycium shawii leaf extracts. Results
revealed that phenolics and flavonoids were found to be the most abundant compounds in all extracts.
Antioxidant activity of extracts was measured using DPPH*® and ABTS®" assays and the methanol extract
displayed superior scavenging activity (ICsg = 0.06 and 0.007 mg/mL for DPPH® and ABTS*™, respectively).
Results of the GC-MS analysis revealed the identity of 10 compounds. Moreover, in vivo toxicological
assessment can confirm the safety of L. shawii for use. Overall, L. shawii leaves are a promising natural
source for the development of novel antimicrobial and antioxidant agents that could potentially combat
clinical MDR/PDR pathogens.
© 2019 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

classes is defined as PDR.! Several drug-resistant strains including
Pseudomonas aeruginosa (Gram-negative bacteria), Staphylococcus

In recent years, nosocomial infections by bacterial and fungal
pathogens conferring Multi-Drug Resistance (MDR) or Pan-Drug
Resistance (PDR) to various commercially available antibacterial
and antifungal agents have become an intractable challenging issue
worldwide. MDR is defined as resistance to three or more antimi-
crobial classes. However, resistance to all agents in all antimicrobial

* Corresponding author. Biofuels Institute, School of the Environment and Safety
Engineering, Jiangsu University, Zhenjiang 212013, China.
** Corresponding author.
E-mail addresses: samh@ujs.edu.cn, samh_samir@science.tanta.edu.eg (S.S. Ali),
jzsun1002@ujs.edu.cn (J. Sun).
Peer review under responsibility of The Center for Food and Biomolecules,
National Taiwan University.

https://doi.org/10.1016/j.jtcme.2019.01.004

aureus (Gram-positive bacteria), Aspergillus niger (filamentous
fungi) and Candida albicans (unicellular fungi) have been known as
most terrible pathogens of burn infections,'® to which effective
alternative remedies are urgently required. Therefore, it is crucial to
discover novel antimicrobial agents that can potentially in demand
to combating drug resistance, as well as to treat these life-
threatening infections.>!°

Till date, biological properties and bioactive compounds of many
medicinal plants are not studied.'" Traditionally used medicinal
plants produce a diverse array of bioactive phytoconstituents such
as phenolics, alkaloids, flavonoids etc. These phytochemicals or
phytobiotics derived from plant sources in the form of extracts
displayed superiority over chemical approaches, and they have
shown the potential to avert the danger caused by deadly

2225-4110/© 2019 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier Taiwan LLC. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:samh@ujs.edu.cn
mailto:samh_samir@science.tanta.edu.eg
mailto:jzsun1002@ujs.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtcme.2019.01.004&domain=pdf
www.sciencedirect.com/science/journal/22254110
http://www.elsevier.com/locate/jtcme
https://doi.org/10.1016/j.jtcme.2019.01.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtcme.2019.01.004
https://doi.org/10.1016/j.jtcme.2019.01.004

14 S.S. Ali et al. / Journal of Traditional and Complementary Medicine 10 (2020) 13—25

Abbreviations

ABTS 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulphonic

acid)

AlCl3 Aluminum trichloride

DMSO Dimethyl sulfoxide

DIZ Diameter Inhibition Zone

DPPH 1,1-diphenyl-2-picrylhydrazyl

GAE Gallic Acid Equivalent

GC-MS Gas Chromatography-Mass Spectrum

GSH Glutathione

HPLC High Performance Liquid Chromatography
IAEC Institutional Animal Ethics Committee
LDsq Lethal Dose 50

MBC Minimum Bactericidal Concentration

MDR Multi-Drug Resistance

MFC Minimum Fungicidal Concentration

MIC Minimum Inhibitory Concentration

NIST National Institute of Standard and Technology

OECD Organization for Economic Cooperation and
Development

PBP Penicillin-Binding Protein

PDR Pan-Drug Resistance

QE Quercetin

TEM Transmission Electron Microscopy

TFC Total Flavonoid Content

TPC Total Phenolic Content

infections.'”~'* Hamidpour et al.”® reported that the Russian olive
(Elaeagnus angustifolia L.) extract has novel roles as active antioxi-
dant, anti-inflammatory and analgesic agent. This extract has
shown to be effective in reducing the healing time of wounds in
injured patients. The leaf extract of Alpinia nigra possesses pro-
found antibacterial, analgesic and cytotoxic activities.'* Heidari
et al.”® reported the efficacy of topical application of a standardized
extract of Tragopogon graminifolius in the healing process of burn
wounds. They concluded that this extract could be considered as a
future treatment for healing of burn wounds. Many commercially
established antibiotics incorporated in the present-day use medi-
cine has been suggested potentially useful biological activity.'
Interestingly, the principle advantages of employing plant-based
antimicrobials are that they are relatively safer and affordable
than synthetic alternatives.'” 2!

Wang et al.?? have proposed several mechanisms of antibacte-
rial and antifungal potentials of ethnomedicinal plants, which
include decomposition of the cytoplasmic membrane, disturbance
of outer membrane of Gram-negative bacteria, accretion of ATPase,
inhibition of enzymes synthesis, and coagulation of cell inner
contents. It is reported that Gram-negative bacteria are more
resistant towards the antibacterial activities of medicinal plant
extracts as compared to Gram-positive bacteria and this is attrib-
uted to the presence of outer membrane structure in Gram-
negative cells that reduced the penetration rate of compounds
with antimicrobial activities.>!° On the other hand, the mecha-
nisms of antifungal actions are consonant to those described above
for bacteria, including irreversible trauma to the cell septum,
exuding and coagulation of cellular interior materials.>®

Plants of the Solanaceae family exhibit a wide variety of sec-
ondary metabolites with different biological activities including
nutritional antioxidants, antimicrobials, anti-inflammatory, anti-
cancer or cytotoxic properties, which render them to play signifi-
cant roles in food and pharmaceutical applications.’* 2® Recent
phytochemical studies confirmed that the richness of numerous
constituents, such as terpenoids, alkaloids and flavonoids endows
Lycium species (Solanaceae family) with a variety of biological ac-
tivities.'® The fruits, flowers and roots of many Lycium species have
long been used as an important source of food and/or medicine.?’
However, to the best of the authors' knowledge, to date, there
have been no reports to investigate the leaf extract of Lycium shawii
as an alternative source of natural antioxidant and antimicrobial
agent combating MDR/PDR pathogens of burn wound infections.
Therefore, this study was aimed at evaluating the novel pharma-
ceutical potentials of the traditional medicinal plant, L. shawii, as
active antimicrobial against MDR/PDR clinical pathogens of burn
wound infections, antioxidant agent and with its toxicological

safety using acute oral toxicity and haemolytic activity for
completeness of its assessment as a new leading structure in the
pharmaceutical field.

2. Materials and methods
2.1. Plant collection

Egyptian Lycium shawii Roem. & Schult. leaves were collected
from ElI-Omayed Biosphere Reserve area at the Northern Mediter-
ranean Coast of Egypt (Supplemental information, Fig. S1). Table 1
depicts the botanical name, Arabic name, family, habit, habitat,
distribution and medical uses of L. shawii.'® The leaves were
washed with tap water, dried and pulverized to a fine powder by
using a lab grinder. The resultant powder was stored for further
experiments.

2.2. Crude extraction

A total of 50g of dried L. shawii leaves was extracted with
methanol using Soxhlet apparatus for 5—7 hat 50 °C. The solvent
used for extraction was evaporated using rotary evaporator under
reduced pressure. The crud extract slurry formed was thoroughly
dried and weighted. Ethanol, ethyl acetate and aqueous (water)
extracts were similarly performed. All extracts were freeze-dried
at —20°C and stored at 4 °C until use.

2.3. Phytochemical screening

Phytochemical components (flavonoids, alkaloids, phenolics,
tannins, saponins, steroids, coumarins, glycosides and terpenoids)
were screened in the four extracts of L. shawii leaves using standard
conventional protocols.?®

2.4. Quantitative assay of total bioactive components

Phenolics and flavonoids were found to be the most abundant
compounds in L. shawii extracts. Therefore, Total Flavonoid Content
(TFC) and Total Phenolic Content (TPC) were determined as
described below.

2.4.1. Total Flavonoid Content (TFC)

A total of 500 uL sample solution was mixed with the same
volume of aluminum trichloride (AICl3; 2%) in methanol. A blank
was prepared by adding a sample solution to methanol without
AlCls. Similarly, the procedures were repeated for other L. shawii
extracts. After a 10 min incubation at room temperature, blank and
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Table 1
Ethnobotanical value of Lycium shawii used in this study.
Botanical Arabic Family Habit Habitat Distribution Medicinal uses Other uses Reference
name name
Lycium Awsaj Solanaceae Shrub Sandy and silty depressions, Recorded in Egypt, Qatar, A diuretic, Grazed by animals and the berries are 16
shawii runnels, wadis and on rocky Bahrain, Kuwait, Saudi laxative and eaten by man; the leaves provide
Roem. & slopes Arabia and UAE tonic agent browsing for camels
Schult.

sample solutions were measured at 415nm using a UV—visible
spectrophotometer  (Shimadzu-UV2600, Japan). TFC was
expressed as milligrams of quercetin (QE) equivalents (mg QE/g
extract).

2.4.2. Total Phenolic Content (TPC)

A total of 250 pL sample solution was mixed with 1000 pL
Folin—Ciocalteu reagent (1:9; v/v) and the mixture was incubated
for 3 min. Then, the NayCOs3 solution (750 pL; 1%) was added. After a
2 h incubation at room temperature, the sample absorbance was
measured at 760 nm using a UV—visible spectrophotometer (Shi-
madzu-UV2600, Japan) with a constructed calibration curve using
gallic acid. TPC was expressed as milligrams of Gallic Acid Equiva-
lents (mg GAE/g extract).

2.5. Antioxidant activity

Phenolic and flavonoid compounds are associated with antiox-
idant activity. Therefore, it is important to assess the antioxidant
activity of L. shawii leaf extracts, and this assessment was per-
formed as described below.

2.5.1. 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH®) assay

The scavenging activity against DPPH® was estimated.”? The
assay depends on the reduction of DPPH*® (purple color) to a
diphenyl picrylhydrazine (yellow color) and the remaining DPPH®
was measured at 517 nm after a 30 min incubation at 37 °C in the
dark. Glutathione (GSH) was used as a positive control. The DPPH*
scavenging activity was expressed as milligrams of GSH equivalents
(mg GSH/g extract).

2.5.2. 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid)
radical cation (ABTS*") assay

The scavenging activity against ABTS** was estimated.”® The
sample absorbance was measured at 734 nm after a 30 min incu-
bation at 37°C. The 6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxylic acid (Trolox; Sigma, USA) was used as a positive con-
trol. The ABTS®* scavenging activity was expressed as milligrams of
Trolox equivalents (mg Trolox/g extract).

2.6. Microbial strains

Eleven strains of Pseudomonas aeruginosa ,' 24 strains of
Staphylococcus aureus ,> 11 strains of Aspergillus niger ,' and 12
strains of Candida albicans®® used in this study were isolated pre-
viously from wound burn infections. As we previously described in
details these strains were identified as MDR or PDR strains."**°

2.7. Antimicrobial activity, Minimum Inhibitory Concentration
(MIC) and Minimum Fungicidal Concentration (MFC)

Preliminary screening of antimicrobial activities of the four
L. shawii extracts was performed against 58 drug-resistant strains
of bacteria and fungi (data not shown) using the disc diffusion
method as we previously described in details.! According to our

results, four strains; namely P. aeruginosa 9 (PA-09), S. aureus 17
(SA-17), A. niger 5 (AN-05) and C. albicans 11 (CA-11) were selected
for further experiments. L. shawii extract was dissolved in pure
dimethyl sulfoxide (DMSO; Sigma-Aldrich, St. Louis, Missouri, USA)
to a final concentration of 100 mg plant extract in 1 mL of DMSO.
The extract was sterilized by filtration on 0.45 um Millipore filters.
Then, 20 pL of this extract was soaked into sterile filter paper discs.
These discs were placed on Muller-Hinton agar plates previously
swabbed with 100 pL of bacterial and fungal inoculum (approxi-
mately 108 CFU/mL). The DMSO was used as a negative control. The
MIC and MFC of L. shawii leaf extracts were performed by a serial
dilution technique.?’ MIC and MFC were regarded as the lowest
concentration L. shawii extract at which no change the color
occurred.

2.8. Transmission Electron Microscopy (TEM)

The mechanism of antimicrobial action of the L. shawii methanol
extract was performed using TEM as we previously described in
details.>®>? Briefly, DMSO-treated cells (control), cells incubated
without DMSO (control), and cells treated with the MIC of L. shawii
extract were prepared. Samples were examined using a TEM (JEOL-
JEM-100SX, Japan).

2.9. Gas Chromatography-Mass Spectrum (GC-MS) analysis

The methanol extract of L. shawii was concentrated in a desic-
cator and subjected to GC-MS analysis. GC-MS model Agilent
8790B/5977B MSD was used in the analysis that employs Agilent
19091s-433UI Hp-5 column (60—325 °C) and the components were
separated using helium (He) as a carrier gas at a constant flow of
0.8 mL/min at ionization energy (70eV). The sample extract (1 pL)
was injected into the instrument. The injector temperature was set
at 250 °C and throughout the analysis, temperature flow was set at
the speed of increasing 10 °C/min. The name, molecular weight,
compound nature and a molecular formula of the test sample were
identified based on the National Institute of Standard and Tech-
nology (NIST) library spectra data bases.

2.10. Toxicological assessment

2.10.1. Experimental animals

Thirty albino rats (170—200 g/rat) were used as an experimental
animal model for the in vivo oral toxicity assessment of the meth-
anol extract of L. shawii leaves. The rats were kept for seven days
prior to oral administration at the Animal House of Faculty of Sci-
ence, Tanta University, Egypt to allow for their acclimatization to
the laboratory environmental conditions as we previously
described in details."* The animal experimental protocols were
performed in accordance with the requirements of the Institutional
Animal Ethics Committee (IAEC) guidelines and approved by IAEC,
Faculty of Science, Tanta University, Egypt (code; Rec-Sci-Tu-020).

2.10.2. Acute oral toxicity
The toxicity test was designed to obtain the lethal dose 50 (LDsg)
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of L. shawii leaf extract according to the Organization for Economic
Cooperation and Development (OECD) Guideline.>> To determine
the LDsg, rats divided into five groups, three rats in each. The
control group was administered with 0.5 mL saline solution, while
other four groups were administered with methanol extract con-
centrations (1000—4000 mg/kg body weight) orally by gavage. Both
control and treated groups were administered once daily for two
weeks. Visual observations including external appearance, body
weights, and daily activities were monitored throughout the
experimental period.

2.10.3. Haemolytic activity

The haemolytic activity assay of L. shawii extract was deter-
mined as previously described.'” Briefly, the red blood cells were
collected from the healthy albino rats and the blood cell suspension
was prepared by diluting the cell pellet to 0.5% with phosphate-
buffered saline. Free haemoglobin of the supernatant was
measured at 405 nm using a UV—visible spectrophotometer (Shi-
madzu-UV2600, Japan). Three replicates were done at each extract
concentration. Haemolytic activity was depicted by an increase in
the optical density of the solution due to the release of hemoglobin
through time.

2.11. Statistical analysis

Results are presented as the mean + standard deviation of three
replicates. The statistical analyses were carried out using SPSS-20.
The obtained data were analyzed statistically to determine the
degree of significance using one-way analysis of variance and
Student's t-test at a probability level <0.05. The Inhibitory Con-
centration 50 (ICsg) values were calculated by linear regression
analysis. Linear regression was analyzed by Origin 6.0 professional
software.

3. Results and discussion
3.1. Phytochemical screening of the L. shawii extracts

It is not enough to make a true assessment of the bioactivity
potential of a plant without considering its chemistry. The naturally
occurring bioactive compounds are considered to be crucial for the
biological activities of any plant species. Taken together, it is

Table 2
Screening of phytochemical constituents of L. shawii leaf extracts.

necessary to reveal the biological activity and the chemical
composition as well as the safety assessment of the extracts from
the Egyptian L. shawii leaves. As depicted in Table 2, the aqueous,
methanol, ethanol and ethyl acetate extracts of L. shawii leaves
were evaluated for their phytochemical composition including al-
kaloids, phenolics, flavonoids, tannins, saponins, glycosides, ter-
penoids, steroids and coumarins. The results revealed that
phenolics and flavonoids were found to be the most abundant
compounds in all extracts tested. On the other hand, saponins and
coumarins were absent from all extracts. The high incidence of
phytochemical compounds detected resulted in the superiority of
the methanol extract than that of the ethanol, ethyl acetate and
aqueous extracts, respectively. Most of the conventional antibiotics
often fail to curb the proliferation of MDR/PDR clinical pathogens of
bacteria and fungi in wound burn infections making the treatment
of burns a difficult task. Plant extracts contain a diversity of
phytochemical compounds that used for the treatment of wound
burn infections since times immemorial. They also have a wide
range of medicinal properties such as antibacterial, antifungal,
antioxidant, anti-inflammatory, antiallergic, antiproliferative,
antidiabetic, antiviral and analgesic that may prevent the devel-
opment of drug-resistant bacteria and fungi as reported for many
traditional plant extracts.>*>> However, the information of L. shawii
is limited. To the best of the authors' knowledge there have been no
reports on the biological activities and the chemical composition of
L. shawii leaves. Therefore, this study was aimed to assess the
antimicrobial and antioxidant activities of L. shawii leaves with
their toxicological evaluation.

3.2. Total bioactive compounds

As shown in Table 2, phenolics and flavonoids were found to be
the most abundant phytochemical compounds in the L. shawii ex-
tracts. Therefore, total quantities of these compounds were deter-
mined and results are given in Table 3. Phenolic compounds are
associated with antioxidant activity. Hence, it is important to
quantify TPC and to assess its contribution to antioxidant activity.
Clearly, the antioxidant activity of phenolic compounds is largely
associated with their redox potential which give them the superi-
ority to act as potential metal chelators, hydrogen donors, reducing
agents as well as single oxygen quenchers.>® Our results of TPC
showed their wide variation in the four extracts tested, ranging

Mechanism of action References

Phytochemical Solvent extract Test or Observed Uses
constituents Aqueous Methanol Ethanol Ethyl lrjesae%jent color
acetate

Alkaloids ND + + ND Wagner  Pale

yellow
Flavonoids + + + + AlCl3 Yellow
Phenolics + + + + AlCl3 Yellow
Tannins ND + +

Saponins ND ND ND ND ND —
Glycosides ND + ND + H,S04 Dark
brown

Antibacterial, anti-inflammatory, Intercalate into DNA and uncouple
analgesic
Antimicrobial, diuretic

Antimicrobial, wound dressing
+ Braemers Dark blue Antimicrobial, wound dressing,
anti-inflammatory, preventing
ulcer development

Antimicrobial

respiration

Metal chelating, cell wall complexation,
adhesion binding

Membrane infraction

Enzyme inactivation, cell wall complexation, >
adhesion binding, membrane disruption,
substrate deprivation

Lower blood pressure NA

Membrane disruption, prohibition of ATase °>°

actuality

Antihypertensive effect on blood NA

pressure, serum analysis of
hypertensive patient

Terpenoids ND + + + Salkowaski Red
Steroids ND + + ND Salkowaski Red
Coumarins ND ND ND ND ND —

ND, Not Detected; NA, Not Available; +, present; -, absent; AlCl3, aluminum trichloride; H,SO04, sulfuric acid.
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12:);:lelfhenolic Content (TPC) and Total Flavonoid Content (TFC) of the solvent extract from L. shawii leaves.
Assay Solvent extract P-value
Aqueous Methanol Ethanol Ethyl acetate
TFC (mg QE/g extract)! 95.93 + 0.64° 90.57 +0.31° 41.47 +0.51° 52.43 +0.98¢ <0.001*
TPC (mg GAE/g extract)" 55.50 +1.18° 230.50 + 0.50" 99.93 + 0.83¢ 190.60 + 0.40¢ <0.001*

Different superscript letters in the same row indicate significant difference (P < 0.05); ' QE, Quercetin Equivalent; " GAE, Gallic Acid Equivalent.

from 55.50 + 1.18 to 230.50 + 0.50 mg GAE/g extract (Table 3). Ac-
cording to these results, it is clear that the TPC depends on the type
of extracted solvent used. The methanol extract had a significantly
higher concentration of phenolics than ethyl acetate, ethanol and
aqueous extracts, respectively. This variation may be due to the
phenolics polarity. Additionally, our findings may explain the
widespread uses of the folkloric plants. On the other hand, the TFC
of the L. shawii extracts varied from 41.47 + 0.51 to 95.93 + 0.64 mg
QE/g extract (Table 3). The assay of TFC was resulted in the supe-
riority of the aqueous extract compared to the other extracts
including methanol, ethyl acetate and ethanol, respectively. Fla-
vonoids, as a major class of phenolic compounds, are exhibited a
strong antioxidant activity. Clearly, our data of TPC and TFC suggest

A 120

L. shawii leaf extracts as a remarkable source of antioxidant com-
ponents. Accordingly, the antioxidant activities of these leaf ex-
tracts are investigated in this study; especially there is no reports
on the antioxidant activity of L. shawii leaves.

3.3. Antioxidant activity

The DPPH® and ABTS®" assays have been widely used to deter-
mine the free radical-scavenging activity of various plant extracts.
Both the DPPH"® (Fig. 1A) and ABTS*" (Fig. 1B) inhibition percentage
values were dose-dependent, whereby they increased in the range
of the tested concentrations, for the L. shawii extracts and the
positive controls (GSH and Trolox for DPPH® and ABTS®',

100 -
—~ 80
& —#—GSH
o
S 60 - == ME
S
= ey EA
£ 20
—>=ET
20 - == AQ
0 1 1S T T T 1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Concentration (mgmL?)
B 120-
100
= 80
& e=@==Trolox
c
2 60 —8=ME
)
£ e=gfr=EA
£ 40
e ET
20 e=ie= AQ
0

0.01

0.015

0.02 0.025 0.03

Concentration (mgmL?)

Fig. 1. Effect of different concentrations of L. shawi leaf extracts in free radical-scavenging activities: (A) DPPH® assay and (B) ABTS** assay. GSH: glutathione; GSH and Trolox are

positive controls; ME, Methanol; EA, Ethyl Acetate; ET, Ethanol; AQ, Aqueous.
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Table 4
DPPH* and ABTS"" scavenging activities of leaf extracts from the L. shawii.

Radical scavenging activity Solvent extract

Positive control

Aqueous Methanol Ethanol Ethyl acetate GSH Trolox
DPPH* ICso (mgmL™') 0.7 0.06 0.1 0.07 0.005 ND
1/ICs0 14 16.7 10.0 14.3 200 ND

ABTS** ICso (mgmL~1) 0.15 0.007 0.075 0.015 ND 0.0025
1/ICs0 6.6 142.8 133 66.7 ND 400

ND: Not Detected; IC: Inhibitory Concentration; ICsp, the concentration required to inhibit 50% of radical.

respectively). Both the DPPH® and ABTS®* inhibition increased in
the extracts of aqueous, ethyl acetate, ethanol and methanol,
respectively compared with positive controls used. The DPPH® and
ABTS** scavenging activities (ICsg values) of L. shawii leaf extracts
were calculated and the results are presented in Table 4. In DPPH®
and ABTS** assays, the methanol extract displayed superior scav-
enging activity (IC5o=0.06 and 0.007 mg/mL, respectively)
compared to the other leaf extracts tested (Table 4). This can be
attributed to the higher total phenolic and flavonoid contents.
Similar antioxidant activities for other plant species by DPPH® and
ABTS** assays have been reported.’”*® On the other hand, the
aqueous extract of L. shawii showed the lowest scavenging activity
in both assays (Table 4).

The correlation graphs between antioxidant activity (DPPH® and
ABTS* ") and the total bioactive compound (TPC and TFC) of the four
L. shawii extracts are presented in Fig. 2. A significant linear cor-
relation appeared between the DPPH® scavenging activity and the
TPC (Fig. 2A) and TFC (Fig. 2B) with an excellent correlation coef-
ficient (R% = 0.8997 for TPC and R?=0.8553 for TFC). Also, a sig-
nificant linear correlation appeared between the ABTS*"
scavenging activity and the TPC (Fig. 2C) and TFC (Fig. 2D) with an
excellent correlation coefficient (R>=0.9118 for TPC and
R% = 0.8757 for TFC). In agreement with previous reports,>® a strong
correlation between TPC and the antioxidant activity (R?> = 0.929

and 0.814 for Sidastrum micranthum and Wissadula perplocifolia
extracts, respectively). Therefore, the assessment of L. shawii ex-
tracts suggests that TPC and TFC of these extracts are largely
responsible for the antioxidant activity, and our findings are in
agreement with previous studies.’ In conclusion, L. shawii leaves
are a remarkable source of phenolics and flavonoids as well as
antioxidant activity, therefore L. shawii leaves can be used as a novel
antimicrobial agent against several infections due to the increased
production of free radicals. Accordingly, safety assessment of the
antimicrobial activity of L. shawii leaf extracts is needed to confirm
the potential use of this plant species in disease treatment.

3.4. Antimicrobial activity

In the present study the antimicrobial activity of L. shawii was
performed. Theoretically, Diameter Inhibition Zone (DIZ) reflects
the antimicrobial concentration of the leaf extract tested. As pre-
sented in Table 5, the results show that the methanol extract
(50 mg/mL) had the most detrimental effect against the MDR/PDR
strains isolated from wound burn infections. According to our re-
sults, increasing the concentration of L. shawii extracts led to the
DIZ to increase significantly (P < 0.05). In general, the antimicrobial
activity of each solvent extraction varied according to the kind of
the microbial pathogen. Clearly, the Gram-positive bacterial strain

A 20 4 B o -
18 - DPPH vs total phenolics
= g (S i DPPH vs total flavonoids
16 4 y=0.0794x - 0.8745 100 y=3.9173x + 29.235 b
14 - R? = 0.8997 R?=0.8553
80
us 12 4
< 10 # 60 -
Al e
&1 =)
B 40 - *
4 20
: ©
0 T T T T 0 . i
0 50 100 150 200 250 300 0 2 4 6 8 10 12 14 16
Total phenolics (mg GAE/g extract) Total flavonoids (mg QE/g extract)
C 300 D 120
ABTS vs total phenolics ABTS vs total flavonoids
250 4 y=1.3411x+73.701 * 100 - y =0.4224x + 46.47 S
R?=0.9118 R?=0.8757
200 80
2 R
£ 150 £ 60 -
= =
100 - 40 1 ¢
s0{ ¢ 20
0 T T T T 0 T T T T T d
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

Total phenolics (mg GAE/g extract)

Total flavonoids (mg QE/g extract)
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Table 5

Antimicrobial activity of four extracts from L. shawii leaves.

Strain number Extract DIZ (mm) MIC (ugmL~') MBC (ugmL~') MEFC (ugmL~') DRPs Resistance type
Concentration of L. shawii leaf extract (mgmL~)
10 20 30 40 50
PA-09 ANOVA AQ 0.0+0.0 10.5+0.1 13.7+0.1 15.5+0.1 15.9+0.06 32 64 ND AX, CAZ, FEP, ATM, CRO, IPM, CIP, SXT, C, MDR
ME 10.5+0.1 14.6 +0.1 20.1+0.1 253 +0.06 28.3+0.1 4 8 ND CN, TOB, K, CT!
ET 8.7+0.06 11.9+0.1 14.7 +0.06 18.5+0.06 20.00+0.00 8 16 ND
EA 0.0+0.0 9.3+0.06 13.03 +0.06 16.9+0.06 22.8+0.15 16 32 ND
F 22353.867 1888.800 4667.458 6725.733 8039.639
P-value *0.00 *0.00 *0.00 *0.00 *0.00
SA-17 ANOVA AQ 0.0+0.0 9.3+ 0.06 12.0+0.0 16.1+0.06 193 +0.1 16 32 ND AX, PIP, AMC, TZP, CTX, CRO, FEP, CFP, IMP, ATM, PDR
ME 13.2+0.06 18.0+0.0 23.5+0.06 30.3+0.1 34.9 +0.06 2 4 ND NA, CIP, CN, AK, K, SXT, TE, C, VA?
ET 8.03+0.06 10.6+0.1 13.8+£0.1 19.0+0.0 22.1+0.1 8 16 ND
EA 7.9+0.06 11.03+£0.06 154+0.1 19.7 +0.06 23.03+0.06 8 16 ND
F 35458.222 11079.133 8399.848 15564.296 13282.333
P-value *0.00 *0.00 *0.00 *0.00 *0.00
CA-11 ANOVA AQ 0.0+0.0 0.0+0.0 10.03 +0.06 12.5+0.06 15.0+0.0 16 ND 64 AMB, ITC, CLT, MIZ, FLC, MCFG, NYT, TRB® PDR
ME 8.03+0.06 15.03+0.06 284+0.06 40.00+0.0 50.8 +0.06 4 ND 8
ET 0.0+0.0 9.1 +0.06 15.2 +0.06 21.5+0.06 24.7 +0.1 8 ND 8
EA 0.0+0.0 0.0+0.0 11.00+0.00 18.23+0.06 22.77+0.12 8 ND 16
F 58081.000 48962.000 86313.222 169443.889 109232.458
P-value *0.00 *0.00 *0.00 *0.00 *0.00
AN-05 ANOVA AQ 0.0+0.0 0.0+0.0 0.0+0.0 9.2+0.2 10.6 +0.1 32 ND 64 AMB, ITC, CLT, MIZ, FLC, TRB' MDR
ME 10.0+0.0 22.1+0.1 36.7 +0.06 49.4+0.1 54.0+0.0 8 ND 16
ET 8.0+0.0 22.2+19.05 20.0+0.0 32.03+0.06 34.1+0.06 16 ND 16
EA 8.03+0.06 11.6+0.1 246+0.2 35.8+0.1 39.5+0.06 16 ND 32
F 70921.000 3.690 84086.400 32355.226 195569.944
P-value *0.00 *0.00 *0.00 *0.00 *0.00

PA, Pseudomonas aeruginosa; SA, Staphylococcus aureus; CA, Candida albicans; AN: Aspergillus niger; AQ, Aqueous; ME, Methanol; ET, Ethanol; EA, Ethyl Acetate; MIC, Minimum Inhibitory Concentration; MBC, Minimum
Bactericidal Concentration; MFC, Minimum Fungicidal Concentration; DRPs, Drug-Resistance Patterns; MDR, Multi-Drug Resistance; PDR, Pan-Drug Resistance; AX, amoxicillin; CAZ, ceftazidime; FEP, cefepime; ATM,
aztreonam, CRO, ceftriaxone; IMP, imipenem; CIP, ciprofloxacin; SXT, cotrimoxazole; C, chloramphenicol; CN, gentamicin; TOB, tobramycin; K, kanamycin; CT, colistin sulfate; PIP, piperacillin; AMC, amoxicillin/clavulanic acid;
TZP, pipracillin/tazobactam; CTX, cefotaxime; CFP, cefoperazone; NA, nalidixic acid; AK, amikacin; TE, tetracycline; VA, vancomycin; AMB, amphotericin; FLC, fluconazole; ITC, itraconazole; CLT, clotrimazole; MIZ, miconazole;

MCFG, micfungin; NYT, nystatin; TRB, terbinafine; ND, Not Detected; “P-value < 0.05 is significant.
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Fig. 3. TEM images of PA-09 strain (B) and SA-17 strain (D) treated with methanol extract of L. shawii leaves. Control cells (A&C). Arrows indicate the location of the Cytoplasmic
Membrane (CM), Outer Membrane (OM), Periplasmic space and Peptidoglycan (P) and Cell Wall (W). PA, Pseudomonas aeruginosa; SA, Staphylococcus aureus.

S. aureus 17 (SA-17) was more sensitive to the L. shawii extracts than
the Gram-negative bacterial strain, P. aeruginosa 9 (PA-09) with MIC
values ranged between 2 and 16 pgmL~" for the PDR SA-17 strain
and with MIC values ranged between 4 and 32 pgmL~! for the MDR
PA-09 strain. Additionally, the methanol extract exerted its signif-
icant antibacterial activity against both PDR SA-17 and MDR PA-09
strains with MIC values of 2 and 4 pgmL~!, respectively (Table 5).
The antibacterial activity of the L. shawii methanol extract observed
in this study was found to be stronger than other methanol ex-
tracts.*! The difference in antibacterial activities of L. shawii ex-
tracts against the SA-17 and PA-09 strains is more probably due to
the ultrastructural differences between Gram-positive and Gram-
negative bacteria. The higher resistance of Gram-negative bacte-
ria to a plant extract could be due to the more assembled structure
of the semi-permeable outer phospholipid membrane of these
bacteria compared with the single mucopeptide layer of the Gram-
positive bacterial cell wall.”'° This hypothesis was confirmed
further in this study by electron microscopy analysis.

On the other hand, the in vitro antifungal activity of the L. shawii
extracts and their MIC values against two drug-resistant fungal
strains, C. albicans 11 (CA-11) and A. niger 5 (AN-05), are presented
in Table 5. The methanol extract showed impressive activity against
both fungal strains tested overall other extracts with MIC values of
4 and 8ugmL~' for CA-11 and AN-05 strains, respectively. In
agreement with previous reports,*> methanol extracts of other
plant leaves demonstrated strong antifungal activity against a
number of unicellular and filamentous fungi including C. albicans,
A. niger, A. flavus. In general, L. shawii alcohol extracts had strong
antimicrobial activity than aqueous extraction (Table 5) owing to
that alcohol provides a complete extraction of bioactive

compounds with a variety of polarities, while aqueous extracts may
not contain some of the less polar compounds.** It appears that
antimicrobial activities are closely correlated to the presence of
phenolics and flavonoids with antioxidant activity. The antimicro-
bial activity of phenolics and flavonoids appears to be related to the
hydroxyl groups and the degree of hydroxylation.**

Overall, our results indicate that the methanol extract of
L. shawii leaves is the most promising extract showed the presence
of phenolics, flavonoids, alkaloids, tannins, glycosides, terpenoids,
steroids and with potential antioxidant, antibacterial and anti-
fungal activities. To the best of our knowledge, there are no reports
on the antimicrobial potential of L. shawii leaf extracts on MDR/PDR
P. aeuginosa, S. aureus, C. albicans or A. niger growth and ultra-
structure. Therefore, to explore the possible mechanism of anti-
microbial action of the L. shawii methanol extract with the bacterial
and fungal cell wall, cell membrane or other intracellular struc-
tures, the strains of SA-17, PA-09, CA-11, and AN-05 were subjected
to TEM.

3.5. Mechanisms of antimicrobial action

The possible mechanisms of action of L. shawii methanol extract
on the four drug-resistant strains (SA-17, PA-09, CA-11 and AN-05)
were investigated by TEM examination in order to provide valuable
insight into this plant species development as a novel antimicrobial
agent. TEM images of the bacterial and fungal strains tested are
given in Fig. 3&4. DMSO-treated (control) cells of bacterial and
fungal strains were intact and confirmed that the DMSO had no
injury effect on these control cells (Fig. 3A&C and Fig. 4A&C).
Similarly, control cells incubated without DMSO (data not shown)
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Fig. 4. TEM images of AN-05 strain (B) and CA-11 strain (D) treated with methanol extract of L. shawii leaves. Control cells (A&C). AN, Aspergillus niger; CA, Candida albicans.

confirmed that there were no differences in their ultrastructure
compared with DMSO-treated control cells.

Taking into consideration differences in the cell envelope ul-
trastructure that exist between Gram-negative and Gram-positive
bacteria together with the possibility of the L. shawii extract that
might affect these differences, PA-09 and SA-17 strains as repre-
sentative species of Gram-negative and Gram-positive bacteria
respectively were examined using TEM. The control cells showed a
dense cytoplasmic homogeneity (Fig. 3A&C). The cell envelope of
PA-09 and SA-17 strains appeared normal and all three layers (outer
membrane, periplasmic space, and cytoplasmic membrane) of PA-
09 cells (Fig. 3A), as well as the two layers (cell wall and cytoplasmic
membrane) of SA-17 cells (Fig. 3C), were discernible. In L. shawii-
treated PA-09, cells showed partial to complete loss of cytoplasmic
electron density, and some cells showed leakage of intracellular
cytoplasmic contents (Fig. 3B). Additionally, the cell wall layers of
this Gram-negative bacterial strain became separated. This repre-
sents further evidence that L. shawii disrupts peptidoglycan syn-
thesis. In fact, the outer membrane and peptidoglycan layer of the
Gram-negative cell wall are firmly linked by Braun's lipoprotein'’.
This lipoprotein requires a properly formed peptidoglycan layer on
which to anchor itself. Notably, the Gram-negative cell wall con-
tains a peptidoglycan monolayer, so disruption of its synthesis
could result in osmotic cell lysis. On the other hand, the cells of
L. shawii-treated SA-17 had malformed cell walls, their cytoplasm
with less electron dense, the cell wall was thinner than that of
control cells, the cytoplasmic membrane was compromised as well
as cytoplasmic material from the lysed cells was observed (Fig. 3D).

Our findings strongly suggest that the L. shawii extract disrupts cell
wall synthesis since the shape of Gram-positive bacteria is gov-
erned by the peptidoglycan architecture. In addition, the cell wall
mechanical strength is lost and the SA-17 cells undergo osmotic
lysis. The observation of an uneven distribution of peptidoglycan
(Fig. 3D) suggests that the L. shawii leaf extract may be interfering
with the membrane proteins, EzrA and GpsB. These proteins play a
major coordination role in the formation of peptidoglycan. Clearly,
EzrA recruits Penicillin-Binding Proteins (PBPs) to the site of bac-
terial cell division, and GpsB directs PBPs to the cylindrical part of
the Gram-positive bacterial cell following cell division.”'® In
conclusion, the methanol extract of L. shawii exerts its antibacterial
effect as confirmed by ultrastructural changes of the Gram-positive
and Gram-negative bacteria strains tested.

Ultrastructural alterations in fungal cells were also examined. In
untreated A. niger (AN-05) cells, organelles such as nuclei, mito-
chondria and nucleus are appeared to be normal (Fig. 4A). L. shawii-
treated AN-05 cells exhibited several changes including stretching
of the cell membrane, expansion of endoplasmic reticulum, and
leakage of the cell wall, cell membrane and cytoplasmic content
(Fig. 4B). The treated C. albicans (CA-11) cells showed notable al-
terations in the morphology including cell wall and cell membrane
disintegration (Fig. 4D), while the control CA-11 cells exhibited the
typical morphology of Candida with uniform central density and
endomembrane system enveloped by a regular, typically structured
nucleus and intact cell wall (Fig. 4C).

The findings of ultrastructural changes suggest the potential of
L. shawii leaves as a novel antimicrobial active agent to be exploited
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Phytochemical compounds, retention time (RT), and biological uses of the L. shawii methanol extract using GC-MS.

ID RT Peak Compound name Molecular Molecular Compound Uses References
(min) area formula  weight nature
(%)
1 6.203 32.49 P-coumaric acid (4- CoHgO3 164.16 Phenolic Antimicrobial, antioxidant, anti-inflammatory, analgesic, antiviral, 45
hydroxycinnamic acid) anti-cancer, anxiolytic, antiplatelet aggregation, antipyretic, anti-
diabetic and anti-arthritis activities
2 6.261 20.18 Apigenin (4,5,6-trihydroxy Ci5H1005  270.24 Flavonoid Antioxidant, anti-inflammatory and anti-carcinogenic effects 46
flavone)
3 6.460 0.474 Hexane (n-hexane) CeHia 86.178 Alkane Food preservative, degreaser, denaturing agent in some alcoholic 47
preparation, perfume preparation, pharmaceutical industry and
wound dressing
4 9481 5.73 Catechol (1,2-dihydroxy CgHgO2 110.1 Phenolic  Antioxidant, synthesis of dyes, rubber, plastics, pharmaceuticals and 4%
benzene) cosmetics
5 12.115 5.37 Hexanol (1-hexanol) CeH140 102.174  Alcoholic  Perfume preparation 49
6 14.047 538 Oxalic acid isobutyl pentyl ester C;1H;004 216277  Ester Antimicrobial 50
(2-methylpropyl pentyl
ethanedioate)
7 16.081 5.72 Di-n-octyl phthalate (dioctyl 1,2 C4H3g04 390.564  Ester Anti-cancer, plastic industry, pesticides and cosmetics 51
benzenedicarboxylate)
8 22911 2.56 Phthalic acid butyl undecyl Cy3H3604 376.537  Ester Antimicrobial 52
ester (phthalic acid 1- butyl 2-
undecyl ester)
9 22.222 2.58 Pantolactone (DL-pantoyl CeH1003 130.14 Oxolanes  Cosmetics 50
lactone)
10 33.101 194 Fisetin (5-desoxyquercetin) Cyi5sH100s 286.236  Flavonoid Anti-carcinogenic, antioxidant and anti-inflammatory 53

in controlling wound burn infections caused by drug-resistant
P. aeruginosa, S. aureus, A. niger and C. albicans. According to our
results, the leaves of L. shawii are confirmed to have antibacterial,
antifungal and antioxidant activities. However, no information is
available on biological activities of chemical constituents of this
plant species leaves. Henceforth, GC-MS analysis was investigated
to explore the phytochemical compounds of L. shawii methanol leaf
extract.

3.6. GC-MS analysis

GC-MS has become one of the most important techniques for
the separation of phytoconstituents as well as for identification of
plant secondary metabolites. The results of the GC-MS analysis
revealed the identity of 10 compounds from the methanol extract
of L. shawii leaves (Table 6; Supplemental information, Fig. S2&S3).
These compounds are known to possess several biological activities
and industrial applications such as antimicrobial, antioxidant, anti-
inflammatory, anti-cancer, anti-diabetic, food preservative,
degreaser, perfume preparation, wound dressing, pharmaceuticals,
cosmetics and anti-arthritis activities (Table 6). The GC and MS

represent the relative concentration and the identification of
various compounds of L. shawii eluted at a different retention time,
respectively. P-coumaric acid (phenolic compound), apigenin
(flavonoid compound) and fisetin (flavonoid compound) are the
major identified three compounds representing 32.49, 20.18 and
19.4%, respectively. Isolation of P-coumaric acid from L. shawii
extract was achieved by thin layer chromatography followed by
HPLC which validated by optimized chromatographic conditions
(data not shown). Chromatogram (Fig. 5) showed P-coumaric acid,
which confirmed by a peak at retention time of 6.750 min. To the
best of our knowledge, this is the first report to analyze the
phytochemical composition of L. shawii leaves. Plants are the
promising natural source for discovering novel compounds with
medicinal importance for drug development. Overall, L. shawii
leaves provide a clear scientific basis that this plant species can be a
potent source for the novel medicines. Accordingly, our results
encourage further studies on L. shawii leaves and identifying
particular active phytochemical constituents responsible for the
specific biological activity in order to standardize the plant prepa-
ration for maximum therapeutic application against burn wounds
and other infections related to drug-resistant clinical pathogens.
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Fig. 5. Chromatogram of P-coumaric acid standard (A) and that of the L. shawii methanol extract (B).
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Fig. 6. In vivo toxicity assessment of methanol extract from L. shawii leaves in male and female groups of albino rats after acute oral administration; average weight of rats in the
treated groups were compared with that of the respective control group (P < 0.05) (A). Effect of methanol extract of L. shawii leaves on haemolytic activities; Triton X-100 is a

positive control (B).

3.7. Toxicological assessment

To the best of our knowledge, the toxicological evaluation of the
methanol extract from L. shawii leaves has not been conducted. In
order to confirm the safety of phytochemical constituents in
humans, toxicological studies in experimental animals were per-
formed to assess the potential toxicity and thus to provide a di-
rection for determining a dose regimen for human use. Fig. 6A
shows the assessment of methanol extract from L. shawii leaves in
albino rats after acute oral administration. Oral dose administration
of the methanol extract up to the highest concentration of
4000 mg/kg body weight revealed no clinical signs and did not
cause any mortality. For both male and female rats, no significant
difference in the body weight was observed between L. shawii-
treated groups and the control group at the end of experiment
periods. According to these results the acute lethal dose (LDsg),
expressed as weight of methanol extract tested per unit weight of
albino rat (mg/kg), was assumed to be greater than 4000 mg/kg
suggesting that this plant leaf extract could be generally regarded
as nontoxic depending on the scale of Hodge and Sterner.’* Body
weight is often the most sensible indicator of an adverse effect.>
The loss of body weight in a period of 7 days is considered as the
indicator that provides more information in toxicological assess-
ment. In addition, the increase in body weight for treated albino rat
groups was considered normal (Fig. 6A).

The haemolytic activity assay has proven to be an alternative
method for simple cytotoxicity assessment. As presented in Fig. 6B, no
significant haemolytic activity of albino rats' red blood cells treated
with L. shawii extract at concentrations of 1000—5000 pgmL ™" was
observed compared to the positive control (Triton X-100), which

supports the safety of this leaf extract. The toxicological evaluation of
different plants using in vitro haemolytic activity assay has been re-
ported in other studies.’®>’ Collectively, toxicological assessment
using rat model supports the safety of this plant species for oral use.
However, so far, there is no available toxicological data on human
regarding the L. shawii leave extracts, therefore further assessment
should be performed to define precisely the safety doses of this novel
leaf extract for human use.

4. Conclusions

In the last decade, an inevitably increases in clinical bacterial
and fungal pathogens conferring MDR or PDR to various antibac-
terial and antifungal agents has been witnessed. Therefore, there is
a direct need to discover novel plant-based biological macromol-
ecules as alternative natural antimicrobial agents with diverse
chemical structures and novel mechanisms of action. Our findings
clearly revealed that all the tested extracts exhibited significant
total phenolics and flavonoids and displayed a significant correla-
tion between the antioxidant activities and total phenolic and
flavonoid compounds implied that these are the major contributors
of antioxidant activities of L. shawii leaves. Additionally, L. shawii
extracts contained the considerable potential of antimicrobial ac-
tivities against MDR/PDR P. aeruginosa, S. aureus, C. albicans and
A. niger clinical strains. The GC-MS analysis identified potential
bioactive and functional compounds. Of those, P-coumaric acid,
apigenin and fisetin are the major identified compounds. The
in vivo toxicological assessment of methanol extract obtained from
leaves of L. shawii showed neither any clinical signs of acute toxicity
nor any mortality, suggesting that this plant leaf extract could be
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generally regarded as nontoxic. No significant haemolytic activity
of L. shawii methanol extract against erythrocytes was found which
indicated that L. shawii leaves might be safe for the use of phar-
maceutical and natural therapies. Considering these results,
L. shawii leaves would certainly pave the path for the development
of novel antimicrobial and antioxidant agents that could potentially
combat clinical MDR/PDR pathogens.

Conflicts of interest

The authors declare no competing financial interests.

Acknowledgments

This work was supported by Egyptian Ministry of Higher Edu-

cation & Scientific Research (MHESR), Support of Excellent Stu-
dents Projects (SESP) and the National Natural Science Foundation
of China (NSFC 31772529).

Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.jtcme.2019.01.004.

References

10.

11.

12.

13.

14.

15.

16.

. Ali SS, Morsy R, El-Zawawy NA, Fareed M, Bedaiwy MY. Synthesized zinc

peroxide nanoparticles (ZnO2-NPs): a novel antimicrobial, anti-elastase, anti-
keratinase, and anti-inflammatory approach toward polymicrobial burn
wounds. Int | Nanomed. 2017;12(12):6059—-6073.

. Morsy R, Ali SS, El-Shetehy M. Development of hydroxyapatite-chitosan gel

sunscreen combating clinical multidrug-resistant bacteria. | Mol Struct.
2017;1143:251-258.

. El Shafay SM, Ali SS, El-Sheekh MM. Antimicrobial activity of some seaweeds

species from Red sea, against multidrug resistant bacteria. Egypt | Aquat Res.
2016;42:65—74.

. El-Zawawy NA, Ali SS. Pyocyanin as anti-tyrosinase and anti tinea corporis: a

novel treatment study. Microb Pathog. 2016;100:1-8.

. El-Zawawy NA, Ali SS. Anti-proteolytic activity of Ganoderma lucidum methanol

extract against Pseudomonas aeruginosa. | Infect Dev Ctries. 2016;10(9):
1020—-1024.

. El-Shouny WA, Ali SS, Sun JZ, Samy SM, Ali A. Drug resistance profile and

molecular characterization of extended spectrum beta-lactamase (ESPL)-pro-
ducing Pseudomonas aeruginosa isolated from burn wound infections. Essential
oils and their potential for utilization. Microb Pathog. 2018;116:301—-312.

. Khalil MA, Sonbol FI, Mohamed AB, Ali SS. Comparative study of virulence

factors among ESPL-producing and nonproducing Pseudomonas aeruginosa
clinical isolates. Turk ] Med Sci. 2015;45:60—69.

. Sonbol FI, Khalil MA, Mohamed AB, Ali SS. Correlation between antibiotic

resistance and virulence of Pseudomonas aeruginosa clinical isolates. Turk ] Med
Sci. 2015;45:568—577.

. Kenawy E, Ali SS, Al-Etewy M, Sun ], Wu ], El-Zawawy N. Synthesis, charac-

terization and biomedical applications of a novel Schiff base on methyl
acrylate-functionalized chitosan bearing p-nitrobenzaldehyde groups. Int ] Biol
Macromol. 2019;122:833—-843.

Ali SS, Kenawy E, Sonbol FI, et al. Pharmaceutical potential of a novel chitosan
derivative Schiff base with special reference to antibacterial, anti-biofilm,
antioxidant, anti-inflammatory, hemocompatibility and cytotoxic activities.
Pharm Res. 2019;36(1):5.

Singh M, Pandey N, Agnihotri V, Singh KK, Pandey A. Antioxidant, antimicrobial
activity and bioactive compounds of Bergenia ciliata Sternb.: a valuable me-
dicinal herb of Sikkim Himalaya. ] Trad Complement Med. 2017;7:152—157.
Amaral GP, Mizdal CR, Stefanello ST, et al. Antibacterial and antioxidant effects
of Rosmarinus officinalis L. extract and its fractions. | Trad Complement Med;
2018:1—-10. https://doi.org/10.1016/j.jtcme.2017.10.006.

Heidari M, Bahramsoltani R, Abdolghaffari AH, et al. Efficacy of topical appli-
cation of standardized extract of Tragopogon graminifolius in the healing pro-
cess of experimental burn wounds. J Trad Complement Med; 2018:1—6. https://
doi.org/10.1016/j.jtcme.2018.02.002.

Abu Ahmed AM, Sharmen F, Adnan A, Rahman MDA. Phytochemical, analgesic,
antibacterial, and cytotoxic effects of Alpinia nigra (Gaertn.) Burtt leaf extract.
J Trad Complement Med. 2015;5:248—252.

Hamidpour R, Hamidpour S, Hamidpour M, et al. Russian olive (Elaeagnus
angustifolia L.): from a variety of traditional medicinal applications to its novel
roles as active antioxidant, anti-inflammatory, anti-mutagenic and analgesic
agent. | Trad Complement Med. 2017;7:24—29.

Phondani PC, Bhatt A, Elsarrag E, Horr YA. Ethnobotanical magnitude towards

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

45,

sustainable utilization of wild foliage in Arabian Desert. ] Trad Complement Med.
2016;6:209—-218.

Ali SS, El-Badry A, Khalil MA. Bee honey and green tea as alternative regimes
for healing of skin infections, involving multidrug resistant pathogens. Egypt J
Bot. 2014:201-222.

El-Badry A, Ali SS. Essential oils: a promising remedy against fungal and bac-
terial human keratitis. Egypt J Bot. 2015:403—432.

El-Shouny WA, Ali SS, Nouh S. Drug resistance and virulence potential of
Pseudomonas aeruginosa isolated from ocular infections. Egypt | Bot. 2015:
529-544.

El-Shouny WA, Ali SS, Fayed S. The antibacterial activity of Nigella sativa against
multi-drug resistant Pseudomonas aeruginosa isolated from diabetic wound
infections. Int J Sci Technol. 2016;2(1):113—134.

El-Shouny WA, Ali SS, Alnabarawy AM. In vitro antibacterial potential of Rosa
damascena and Terminalia chebula against bacterial peritonitis. Glob J Biol Agric
Health Sci. 2016;5(2):40—49.

Wang J-H, Luan F, He X-D, Yong Wang Y, Li M-X. Traditional uses and phar-
macological properties of Clerodendrum phytochemicals. | Trad Complement
Med. 2018;8:24—38.

Torey A, Vijayarathna S, Jothy SL, et al. Exploration of the anticandidal mech-
anism of Cassia spectabilis in debilitating candidiasis. | Trad Complement Med.
2016;6:97—104.

Almoulah NF, Voynikov Y, Gevrenova R, et al. Antibacterial, antiproliferative
and antioxidant activity of leaf extracts of selected Solanaceae species. South
Afr ] Bot. 2017;112:368—374.

Usha S, Rajasekaran C, Siva R. Ethnoveterinary medicine of the Shervaroy Hills
of Eastern Ghats, India as alternative medicine for animals. ] Trad Complement
Med. 2016;6:118—125.

Lee KH, Morris-Natschke S, Qian K, et al. Recent progress of research on herbal
products used in traditional Chinese medicine: the herbs belonging to the
Divine Husbandman's Herbal Foundation Canon ( ##2ZE#E Shén Nong Bén
Cao Jing). ] Trad Complement Med. 2012;2(1):6—26.

Dahech I, Farah W, Trigui M, et al. Antioxidant and antimicrobial activities of
Lycium shawii fruits extract. Int ] Biol Macromol. 2013;60:328—333.
Behbahani BA, Yazdi FS, Mortazavi SA, Mohebbi M. Antioxidant activity and
antimicrobial effect of tarragon (Artemisia dracunculus) extract and chemical
composition of its essential oil. ] Food Meas Charact. 2017;11:847—863.
Zengin G, Sarikurkcu C, Aktumsek A, Ceylan R. Sideritis galatica Bornm.: a
source of multifunctional agents for the management of oxidative damage,
Alzheimer's and diabetes mellitus. J Funct Foods. 2014;11:538—547.

Mona M, El-Zawawy N, Atlam A. Abundant ceiling spider in Tanta city (Egypt)
with special reference to the antifungal effect of its web on healing human
wounds and burns. Sylwan. 2017;160(7):44—57.

Panghal M, Kaushal V, Yadav JP. In vitro antimicrobial activity of ten medicinal
plants against clinical isolates of oral cancer cases. Ann Clin Microbiol Anti-
microb. 2011;10:21.

Ali SS, Shaaban MT, Abomohra A, El-Safity K. Macroalgal activity against
multiple drug resistant Aeromonas hydrophila: a novel treatment study to-
wards enhancement of fish growth performance. Microb Pathog. 2016;101:
89-95.

OECD. Test No. 425: Acute Oral Toxicity: Up-and-Down Procedure. Paris: OECD
Publishing; 2008. https://doi.org/10.1787/9789264071049-en.

Pandey AK, Kumar S. Perspective on plant products as antimicrobials agents: a
review. Pharmacologia. 2013;4(7):469—480.

Cowan MM. Plant products as antimicrobial agents. Clin Microbiol Rev.
1999;12:564—582.

Al-Tohamy R, Ali SS, Saad-Allah K, Fareed M, El-Zawawy N. Phytochemical
analysis and assessment of antioxidant and antimicrobial activities of some
medicinal plant species from Egyptian flora. | Appl Biomed. 2018;16:289—300.
Rachitha P, Krupashree K, Jayashree GV, et al. Chemical composition, antioxi-
dant potential, macromolecule damage and neuroprotective activity of
Convolvulus pluricaulis. ] Trad Complement Med. 2018;8:483—496.

Lin H-Y, Chang T-C, Chang S-T. A review of antioxidant and pharmacological
properties of phenolic compounds in Acacia confuse. | Trad Complement Med.
2018;8:443—-450.

Karuna DS, Dey P, Das S, Kundu A, Bhakta T. In vitro antioxidant activities of
root extract of Asparagus racemosus Linn. | Trad Complement Med. 2018;8:
60—65.

Abdel-Hameed ES. Total phenolic contents and free radical scavenging activity
of certain Egyptian Ficus species leaf samples. Food Chem. 2009;114:
1271-1277.

Yin C, Xie L, Guo Y. Phytochemical analysis and antibacterial activity of Gen-
tiana macrophylla extract against bacteria isolated from burn wound infections.
Microb Pathog. 2018;114:25—28.

Wirasuta IM, Srinadi IG, Dwidasmara IB, Ardiyanti NL, Trisnadewi IG,
Paramita NL. Authentication of Piper betle L. folium and quantification of their
antifungal-activity. | Trad Complement Med. 2017;7:288—295.

Webster D, Taschereau P, Belland R, Sand C, Rennie RP. Antifungal activity of
medicinal plant extracts; preliminary screening studies. J Ethnopharmacol.
2008;115:140—146.

Ismail HF, Hashim Z, Soon WT, Ab Rahman NS, Zainudin AN, Majid FA.
Comparative study of herbal plants on the phenolic and flavonoid content,
antioxidant activities and toxicity on cells and zebrafish embryo. Trad Com-
plement Med. 2017;7:452—465.

Pei K, Ou ], Huanga J, Oua S. p-Coumaric acid and its conjugates: dietary


https://doi.org/10.1016/j.jtcme.2019.01.004
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref1
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref1
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref1
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref1
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref1
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref2
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref2
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref2
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref2
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref3
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref3
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref3
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref3
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref4
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref4
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref4
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref5
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref5
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref5
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref5
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref6
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref6
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref6
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref6
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref6
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref7
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref7
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref7
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref7
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref8
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref8
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref8
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref8
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref9
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref9
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref9
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref9
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref9
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref10
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref10
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref10
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref10
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref11
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref11
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref11
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref11
https://doi.org/10.1016/j.jtcme.2017.10.006
https://doi.org/10.1016/j.jtcme.2018.02.002
https://doi.org/10.1016/j.jtcme.2018.02.002
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref14
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref14
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref14
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref14
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref15
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref15
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref15
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref15
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref15
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref16
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref16
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref16
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref16
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref17
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref17
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref17
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref17
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref18
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref18
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref18
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref19
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref19
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref19
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref19
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref20
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref20
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref20
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref20
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref21
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref21
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref21
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref21
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref22
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref22
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref22
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref22
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref23
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref23
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref23
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref23
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref24
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref24
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref24
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref24
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref25
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref25
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref25
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref25
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref26
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref27
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref27
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref27
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref28
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref28
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref28
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref28
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref29
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref29
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref29
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref29
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref30
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref30
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref30
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref30
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref31
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref31
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref31
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref32
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref32
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref32
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref32
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref32
https://doi.org/10.1787/9789264071049-en
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref34
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref34
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref34
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref35
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref35
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref35
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref36
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref36
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref36
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref36
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref37
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref37
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref37
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref37
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref38
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref38
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref38
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref38
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref39
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref39
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref39
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref39
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref40
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref40
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref40
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref40
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref41
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref41
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref41
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref41
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref42
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref42
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref42
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref42
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref43
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref43
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref43
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref43
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref44
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref44
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref44
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref44
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref44
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref45

46.

47.

48.

49.

50.

51.

S.S. Ali et al. / Journal of Traditional and Complementary Medicine 10 (2020) 13—25 25

sources, pharmacokinetic properties and biological activities. | Sci Food Agric.
2016;96:2952—-2962.

Shukla S, Gupta S. Apigenin: a promising molecule for cancer prevention.
Pharm Res (N Y). 2010;27(6):962—978.

Zehraoui A, Hassan AA, Sorial GA. Biological treatment of n-hexane and
methanol in trickle bed air biofilters under acidic conditions. Biochem Eng ]J.
2013;77:129—-135.

Tewari KP, Singh KA. Synthesis, characterization and applications of pyrocat-
echol modified amberlite XAD-2 resin for preconcentration and determination
of metal ions in water samples by flame atomic absorption spectrometry
(FAAS). Talanta. 2001;53(4):823—833.

Prabhu DV, Rana C. A kinetic approach to the oxidation of 1-hexanol and
cyclohexanol using inorganic oxidants. Rasayan J. 2016;9(2):139—143.
Singariya P, Mourya KK, Kumar P. Gas chromatography-mass spectrometric
analysis of acetone extract of Cenchrus ciliaris (Dhaman grass). Int J Sci Nat.
2015;6(4):652—661.

DeAngelo AB, Garrett CT, Manolukas LA, Yario T. Di-n-octyl phthalate (DOP), a
relatively ineffective peroxisome inducing straight chain isomer of the envi-
ronmental contaminant di (2-ethylhexyl) phthalate (DEHP), enhances the
development of putative preneoplastic lesions in rat liver. Toxicology.

52.

53.

54.

55.

56.

57.

1986;41(3):279—-288.

Khatua S, Pandey A, Biswas SJ. Phytochemical evaluation and antimicrobial
properties of Trichosanthes dioica root extract. /] Pharmacogn Phytochem.
2016;5(5):410—413.

Khan N, Syed DN, Ahmad N, Mukhtar H. Fisetin: a dietary antioxidant for health
promotion. Antioxd Redox Signal. 2013;19(2):151—162.

Hodges GM, Carr EA, Hazzard RA, O'Reilly C, Carr KE. A commentary on
morphological and quantitative aspects of microparticle translocation across
the gastrointestinal mucosa. J Drug Target. 1995;3:57—60.

Aleman CL, Mas RM, Rodeiro I, et al. Reference data base of the main physio-
logical parameters in Sprague-Dawley rats from 6 to 32 months. Lab Anim.
1998;32(4):457—466.

Awodele O, Kale OE, Odewabi AO, Ekor M, Salau BA, Adefule-Ositelu AO. Safety
evaluation of Bon-sante cleanser® polyherbal in male Wistar rats: further in-
vestigations on androgenic and toxicological profile. J] Trad Complement Med.
2018;8:212—-219.

Gupta BP, Sharma I, Kohli N, Sharma S, Rathi A, Sharma AK. Preliminary clinical
assessment and non- toxicity evaluation of an ayurvedic formulation BGR-34 in
NIDDM. J Trad Complement Med. 2018;8:506—514.


http://refhub.elsevier.com/S2225-4110(18)30676-X/sref45
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref45
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref45
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref46
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref46
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref46
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref47
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref47
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref47
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref47
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref48
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref48
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref48
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref48
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref48
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref49
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref49
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref49
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref50
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref50
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref50
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref50
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref51
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref51
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref51
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref51
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref51
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref51
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref52
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref52
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref52
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref52
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref53
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref53
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref53
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref54
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref54
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref54
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref54
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref55
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref55
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref55
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref55
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref55
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref55
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref56
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref56
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref56
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref56
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref56
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref57
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref57
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref57
http://refhub.elsevier.com/S2225-4110(18)30676-X/sref57

	Lycium shawii Roem. & Schult.: A new bioactive antimicrobial and antioxidant agent to combat multi-drug/pan-drug resistant  ...
	1. Introduction
	2. Materials and methods
	2.1. Plant collection
	2.2. Crude extraction
	2.3. Phytochemical screening
	2.4. Quantitative assay of total bioactive components
	2.4.1. Total Flavonoid Content (TFC)
	2.4.2. Total Phenolic Content (TPC)

	2.5. Antioxidant activity
	2.5.1. 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH•) assay
	2.5.2. 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid) radical cation (ABTS•+) assay

	2.6. Microbial strains
	2.7. Antimicrobial activity, Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal Concentration (MFC)
	2.8. Transmission Electron Microscopy (TEM)
	2.9. Gas Chromatography-Mass Spectrum (GC-MS) analysis
	2.10. Toxicological assessment
	2.10.1. Experimental animals
	2.10.2. Acute oral toxicity
	2.10.3. Haemolytic activity

	2.11. Statistical analysis

	3. Results and discussion
	3.1. Phytochemical screening of the L. shawii extracts
	3.2. Total bioactive compounds
	3.3. Antioxidant activity
	3.4. Antimicrobial activity
	3.5. Mechanisms of antimicrobial action
	3.6. GC-MS analysis
	3.7. Toxicological assessment

	4. Conclusions
	Conflicts of interest
	Acknowledgments
	Appendix A. Supplementary data
	References


