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Are Atraumatic dental treatments really
atraumatic for the child?

Abstract

Introduction: Atraumatic Restorative Treatment technique (ART)
and Silver Modified Atraumatic Restorative Treatment
techniqgue(SMART) are approaches of managing dentinal caries in
uncooperative preschool children.

Aim of study: The aim of this study was to compare pain related to
ART and SMART technique in managing of primary teeth.

Materials and Methods: The study sample consisted of 40
primary teeth in 12 children were uncooperative according Frankel
behavior Scale, healthy aged between (3-5) years. All Procedures
were conducted at the Department of pediatric dentistry at Tishreen
University. The split mouth method was used in this study, the teeth
were randomly allocated into two group: group A treated with ART
(n=20) and group B using SMART (n=20). Clinical and
radiographic follow-ups were performed after 6 and 12 months.
Moreover pain was assessed using the FLACC pain scale. Data
were assessed using Wilcoxon test. Differences were considered
statistically significant when the P value < 0.05.

Results: Severe pain levels were recorded in only two cases (16%)
in each of the two groups, also moderate pain levels were recorded
in only two cases (16%) in each of the two groups. While in Most
cases no pain or mild pain levels were recorded. In general, there
were no statistically significant differences between the application
of the two techniques in terms of pain during treatment (P= 0.317).

Conclusion: ART and SMART are cause minimal or no trauma in
pain when applied to uncooperative preschool children

Key Words: Atraumatic Restorative Treatment technique, Silver
Modified Atraumatic Restorative Treatment technique, Pain.
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In vitro comparative study to evaluate
the effect of two preparation designs on
the fracture resistance of zirconia
occlusal veneers

ABSTRACT :
objective : occlussal veneers preparations represent conservative
alternatives to crowns that preserve as much as possible of the
dental tissues and provide an effective treatment for the restoration
of dental wear. The aim of this study is to determine the best
preparation that provide a better fracture resistance within the
occlusal ceramic veneer made of zirconia .
Materials and methods : forty extracted molars were assigned to
two groups (n=20). In group 1, the teeth received a preparation for
a conservative full-coverage occlusal veneer restoration with 90°
rounded shoulder margin . In group 2, the teeth underwent a 1 mm
cusp reduction with a marginal chamfer. CAD/CAM zirconia
restorations were made to restore the specimens . the specimens
were loaded to fracture with universal testing machine
perpendicular to the long axis of the teeth with 1 mm/min speed .
Collected data were statistically analyzed with t test and Chi-
Square Tests.
Results: The results of the statistical analysis showed no
statistically significant differences between the first and second
groups. It also showed no correlation between the method of
preparation and failure patterns .
Conclusion : This study demonstrated similar fracture resistance of
the two considered preparations designs for occlusal veneer made
of zirconia.

Key words : zirconia , occlusal veneers , fracture resistance ,
preparation design .
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Assessing the Efficiency of open
Approach in secondary renoplasty in
cleft lip and palate patients in Tishreen
University Hospital, Lattakia Governate.

Abstract:

Background and Objectives: Nose deformations are one of the
most common deformities connected to cleft lip and palate, and are
considered a challenging part for the surgeon requiring several
surgeries to achieve a satisfactory result in both functional and
aesthetic aspects. Despite the numerous approaches for these
deformities, there isn’t one approach suitable for all cases
overtaking other approaches.

The study aims to assess the efficiency of open approach in
secondary renoplasty in cleft lip and palate patients regarding
functional and aesthetic aspects of the nose and the lip, the approach
can be conducted in one surgical step without the need of numerous
other corrective surgeries, and Paired Samples Test was used with P
value <0.05.

Material & Methods: The sample consisted of 10 patients with
cleft lip and palate admitted to maxillofacial surgery department in
Tishreen University Hospital. Undergone corrective surgeries of the
lip to remove scar tissue and restore functional and aesthetic
properties of the lip and the secondary correction of the nose using
open method. The samples were documented with consecutive
photographs spanning over six months after the surgery.
Photographs were also analyzed by anthrobiometry analysis to
measure nostril symmetry and the Columnella-Midline angle.

Results: Results showed an improvement in the variables
(Columnella-midline angle, Nostril symmetry) during the follow up
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period, sample patients maintained a consistent improvement
regarding aesthetic and functional aspects.

Conclusion: Within the limits of this study, secondary correction of
nose deformities connected to cleft lip and palate using the open
method has shown to be effective, showing consistent clinical
results throughout the follow up period in terms of Nostril
symmetry and Columnella-Midline angle.

Key Words: cleft lip and palate, Secondary renoplasty, open
method.
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Abstract:

Research objectives: The study aims to evaluate the effect of
phosphorous and magnesium supplementation when combined with
the traditional treatment of osteoporosis in improving bone density
and increasing osteoblast activity in postmenopausal women with
osteopenia or osteoporosis, and then investigating the side effects
of that combined on heart rate and crystal formation. Calcium salts
in urine.

Research Methods: This Prospective study was conducted at Al-
Qalamoun Hospital in Al-Nabek during the years 2020-2021, where
the study sample was selected from among 125 postmenopausal
women aged 65-45 years who underwent bone densitometry using
dual-energy X-ray absorptiometry In the lumbar spine and hip area,
according to the T-score, a stratified random sample of 90 women
with osteopenia or osteoporosis (T-score < -1) was selected,
fulfilling the inclusion and exclusion conditions of the study, then
T-ALP, calcium, phosphorous and magnesium were calibrated in
the serum and recording the initial value of these variables before
starting the treatment, then the sample was divided into three
groups: The first group (n = 30) was considered a comparison
group in which the patients underwent a course of medicine that
included the traditional treatment prescribed by the doctor (calcium
supplements, vitamin D and aldronate) only, the second group
(n=30), the patients underwent an experimental drug course that
included magnesium supplementation at a dose of 120 mg/day of
elemental magnesium) in combination with the traditional treatment
prescribed by the doctor, and the third group (n=30) patients
underwent an experimental drug course that included phosphorous
supplementation at a dose (43) mg/day of elemental phosphorous)
in combination with the traditional treatment prescribed by the
doctor, this treatment continued for 6 months for each of the three
groups, then the treatment was followed up with The first group
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only for an additional 6 months, in which the patients took, in
addition to the traditional treatment, phosphorous and magnesium
supplements together (120 mg/dl elemental magnesium and 43
mg/dl elemental phosphorous) to follow their synergistic effect in
improving bone density (forth group)

At the end of the treatment period, bone density was re-imaged and
T-ALP and serum calcium and magnesium were titrated in each of
the four study groups.

A morning urine sample was also collected to examine the urine
sediment under the microscope (to look for positive crystals of
calcium salts: calcium phosphate, calcium oxalate...), and to
measure the heart rate by means of an electronic pressure device for
each of the study patients to evaluate the response and side effects
resulting from the follow-up. Each course separately.

Results: The improvement of bone density and ALP concentrations
expressing osteoblast activity was the highest in the fourth group
(the traditional treatment group plus phosphorous and magnesium)
where it reached ABMD = 0.062, 0.050, P = 0.035, 0.049) ) in the
lumbar vertebrae and femoral neck, respectively. and
AALP=25.83,P=0.044 after 6 months of treatment.

Also, the combination of magnesium with traditional treatment
reduced the formation of calcium crystals in urine (P<0.05) by 7%
and did not cause tachycardia (P>0.05)) caused by taking calcium
supplement alone.

Conclusion : This study suggested that the combination of
phosphorous and magnesium with the familiar treatment of
osteoporosis increases the amount of improvement in bone density
in the areas (lumbar vertebrae and femoral neck), and that
magnesium supplement had an effect in reducing the potential side
effects caused by taking calcium or phosphorous supplements
alone, and thus Adding them to treatment increases the amount of
bone density improvement over a shorter period of time and with
fewer side effects.

Keywords:  phosphorous  supplementation,  magnesium
supplementation, osteoporosis, osteopenia, ALP, BMD
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In-vitro and In-silico evaluation of Citrus Peel
Flavonoids as Potential Antibacterial agents
against Klebsiella pneumoniae isolated from

Pneumonia Patients
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Abstract:

Context: Klebsiella pneumoniae is a leading cause of pneumonia. The
ongoing global threat of antimicrobial resistance together with the
prevalence of infectious diseases arises a pressing need of discovering
novel antibiotics with the use of modern pharmaceutical techniques
such as molecular docking. Natural Citrus flavonoids are renowned
antibacterial agents. Aim: The in-silico and in-vitro evaluation the
antibacterial activity of 29 flavonoid found Citrus peels to identify
their activity against K. pneumoniae isolated from pneumonia patients.
Methods: Conventional methods were used for the identification and
antibiogram determination of K. pneumonia strains. The antibacterial
assay was done using well diffusion and microdilution methods for the
in-vitro evaluation. The in-silico was done study using two docking
programs as modern approaches to identify potential activity to New-
Delhi Metalo B-lactamase-1 (NDM-1) as a possible target in K.
pneumoniae. Results: The molecular docking study implied that
NDM-1 protein may be a possible target for Citrus flavonoids, with
binding affinity for Quercetin of -7.1 kcal/mole. Rutin and Quercetin
had roughly equal inhibition zones (1Z) of 1 mm at concentration of 1
mg/ml for antibiotic resistant strains, while their minimum inhibitory
concentration (MIC) was >500ug/ml, denoting a moderate effect of
Citrus flavonoids against K. pneumoniae.

Keywords: Klebsiella pneumoniae, flavonoids, molecular docking,
well-diffusion, microdilution
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Introduction

Bacterial infections continue to hold a great impact on health
facilities causing health complications, physical disabilities and
mortalities worldwide [1]. It is estimated that lower respiratory tract
infections caused 2.6 million deaths in 2019 according to the World
Health Organization report[2]. Pneumonia is an acute infection of
the lungs, it is considered to be the most prevalent infectious
disease globally[3]. Gram-negative Multi-drug resistant (GN-
MDR) bacteria have witnessed a recent global increase as causative
agents for pneumonia especially in hospital setting with deleterious
effects on clinical outcomes of patients[4]-[8].

This problem is of special concern with the recent COVID 19 with
K. pneumoniae being one of the common GN-MDR pneumonia
causing pathogen pandemic, where 50% of COVID 19 deaths had
secondary bacterial infections, in addition to the lengthier hospital
stays, intensive care unit (ICU) admission, ventilator and broad-
spectrum antibiotic use, raising probability of hospital-acquired
pneumonia (HAP), ventilator-acquired pneumonia (VAP) and
superinfections occurrence[9]-[11] and

Antimicrobial resistance is a serious issue threatening our future,
especially with the declining options available to treat multi-
resistant infection [2], [12]. GN-MDR organisms complicate
pneumonia treatment and pose a great challenge to physicians[13].
Resistance mechanisms occur for all classes of antibiotics, and only
few new drugs are being developed [14]. Based on the latest
reports, among pathogens of urgent concern is Klebsiella
pneumoniae, a gram-negative bacterium belonging to the
Enterobacteriaceae family and it is among the top three pathogens
of universal concern reported in the 2017 World Health
Organization’s (WHO) Global Priority List of Antibiotic-Resistant
Bacteria to Guide Research, Discovery, and Development of New
Antibiotics [15].
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K. pneumoniae is the cause of important infections such as wound
infections, urinary tract infections (UTIs), liver pyogenic abscesses
and lower respiratory tract infections in immunocompromised,
hospitalized, elderly, and extremely ill patients [16]. The
widespread use of antibiotics have facilitated the emergence of
multi-drug resistant strains, especially carbapenem-resistant K.
pneumoniae (CRKP) , which causes significant clinical difficulties
and complications in treatment of its infections and positions a
huge hazard to communal and clinical health due to its resistance to
almost all alternate antibiotics [17]-[19]. It's is highly resistant to
different antibiotics such as beta-lactams, fluoroquinolones and
aminoglycosides [20], extended-spectrum B-lactamases (ESBL)
producing strains of K. pneumoniae have arisen as a major problem
in hospitalized and community patients [21].

The genus Citrus is one of the most common and oldest crops
cultured by man, its importance includes the historic and economic
value and use in juice, food and cosmetic industries. Plentiful
studies of Citrus peels showed the abundance of biologically active
compounds including essential oils, flavonoids, coumarins and
limonoids[1]. Flavonoids found in Citrus peels have been
extensively studied for their antibacterial properties[22], [23]. Their
main structure involves a (C6-C3-C6) carbon skeleton with three
rings A,B and C [24]. Differing substituent position and type
contribute to their effectivity. Annually, huge sums of peels are
discarded as waste products from agricultural based industries
causing environmental pollution if left without planned
recycling[25]. Instead, studies have shown that these compounds
can be put into beneficial use in food and bio-fuel production
promising advances are being explored in its use in modern
pharmaceutical and nutraceutical formulations[26].

The use of herbal extracts and phytochemicals, might be of huge
importance in therapeutic treatments, as more than 80% of drugs
either derive directly from natural products or are developed from a
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natural compound. Therefore, exploiting the abundant sources
available of phytochemicals can prove vital in finding new
antibiotics especially in developing countries. Computational
techniques such as molecular docking, and structure- and ligand-
based virtual screening, play a vital role in drug discovery. It has
been largely implemented in many different applications in the
pharmaceutical industry[27]. For example, the use of IGEMDOCK
in antibacterial study of flavonoids against ketoacyl carrier protein
of Escherichia coli and Pseudomonas aeruginosa[28], [29] and
fluoroquinolones against DNA gyrase in Staphylococcus
aureus[30]. As well as studying the antidiabetic[31] and anti-
coagulant effects[32].

The NDM-1 (PDB ID. 3RKJ), a zinc dependent B-lactamase the
structure consists of 4 monomers, it is expressed by mobile
plasmids containing the blaNDM-1 gene found in various bacteria
including K. pneumoniae, its dissemination has compromised the
effectivity of the ‘last resort’ carbapenem antibiotics due to its
enlarged active site capable of catalyzing virtually all classes of j-
lactams, and no effective inhibitors have been developed against
NDM-1, therefore we chose this protein for our in-silico study to
find potential inhibitors [33].

Consequently, this study was conducted using the latest molecular
docking tools employed by pharmaceutical studies to find a natural
source, safe and effective antibacterial compound, using the
phytochemicals already found in Citrus peels, possibly acting as
alternative of traditional antibiotics in the future against the K.
pneumoniae isolated from pneumonia patients. The in-silico study
was conducted using two molecular docking programs for precise
and reliable results; AutoDock Vina and IGEMDOCK of common
flavonoids found in Citrus peels. The in-vitro study was done using
two methods and imipenem and gentamicin were chosen as positive
controls.
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Materials and Methods
Test Materials

Gentamicin was obtained from Sino-Kimmed trading Co.
Flavonoid powders were purchased for Sigma Aldrich Chemicals
Co.

Bacterial Strains

A total of 25 patients diagnosed with pneumonia in hospital in
Homs, Syria were enrolled in this study. Noninvasive methods were
used to collect samples; endotracheal aspiration in ICU patients
who subsequently required ventilator associated respiration, and
spontaneous expectoration in cooperative patients after being given
careful instructions to obtain a specimen[34]. Sputum samples that
showed 10-25 polymorphonuclear neutrophils and less than 10
squamous epithelial cells were proceeded to culture[35]. Sputum
was then inoculated in thioglycolate broth for 48 hours and positive
samples were cultured in Blood, MacConkey and chocolate agar for
preliminary identification and a series of biochemical tests for
confirmation which can be seen in Table 1[36]. Finally, an
antimicrobial sensitivity test was conducted using the Kirby Bauer
method as specified by the Clinical Laboratory Standards Institute
(CLSI) guideline using Muller Hinton Agar (MHA) and incubated
for 24 hours in 37°(J37].
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Table 1: Biochemical tests of the six strains isolated from clinical
sputum samples

Oxidas | Kligle | Citrat | Ureas |Indol |V |M
R

K. e r e e e P

pneumonia AJAG,

e - no + + - + |-
H,S

VP: Voges Proskauer, MR: Methyl red, A/AG: acid in slant and
butt with gas production

Antibacterial Activity Testing

Isolated strains were kept in the refrigerator in 4°C and subcultured
weekly in blood agar until needed[36]. Bacterial assays were done
by well diffusion[38] and broth microdilution methods[39] to
evaluate to activity of the flavonoid Rutin and its aglycon
Quercetin. Culture media, microbial inoculum size and incubation
conditions for antimicrobial susceptibility testing methods were
prepared as recommended by CLSI for aerobic organisms [40].
Inoculum suspensions equivalent to 0.5 MacFarland were made
using sterile saline. Antibacterial solutions were prepared in DMSO
in concentrations (1000pg/ml Rutin, 1000ug/ml Quercetin), these
concentrations were attained in an incremental decrease
methodology starting with 50 ml/ml reaching the lowest
concentration of each tested component. Gentamycin (512ug/ml)
was used as positive control dissolved in distilled water.

Well-diffusion Method

MHA was used as medium for this test; 8 mm diameter wells were

achieved using a chrome well-making device. Young colonies on

Blood agar medium was used to prepare the bacterial inoculum.
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Using a cotton swab, a lawn of bacterial suspension was evenly
distributed over the agar plate. Each well was filled with
antibacterial solution 100ug/100ul well of individual flavonoids,
negative control well of 100% DMSO. Plates were kept in room
temperature for 2 hours for diffusion prior to incubation, then they
were incubated in 36 °C for 24 hours and inhibition zones were
measured. Each test was done in triplicate and the mean diameter
was documented for 6 strains.

Broth Microdilution Method

The MIC value was determined to evaluate the antibacterial activity
using a microtiter tray. All tests were done in triplicate. The two
flavonoid solution were dissolved in DMSO in a final concentration
of 1%DMSO[41]. Bacterial inoculum was standardized to 5x 10°
CFU/ml in each well by the dilution of MacFarland standard and 50
ul of the adjusted solution, 50ul of MHB were added to each well
100ul diluted antibacterial solution was added to the first well then
serially diluted by transferring 50ul to each consecutive well. to
achieve 500, 250, 62.5, 31.25, 15.625. 7.81, 3.9, 1.95 pg/ml.
Sterility and growth controls were used in each assay. Finally, wells
were sealed and incubated for 24 hours, the MIC was recorded as
the minimum inhibitory detected by the unaided eye.

In-silico Evaluation

Molecular docking was done using two docking programs as
described in previous studies. Chemical library was retrieved from
were retrieved from PubChem database
(https://pubchem.ncbi.nlm.nih.gov/)[42] and/or Zinc 15 database
(https://zinc15.docking.org/)[43] in SDF format and consisted of
26 most isolated flavonoids in Citrus peels (Table 5)[44]-[47], the
target protein was downloaded from Protein Data Bank (PDB) at
(http://www.RCSB.org)[48] as PDB file (PDB id 3RKJ), imipenem
was also used as control. The first program was IGEMDOCK
version 2.1, was used for virtual screening. Molecular stable
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docking and scoring were done via iIGEMDOCK (population size
300, generations 80, solutions 10) for the 26 compounds to screen
for potential leads and determine the best hit. Secondly, AutoDock
Vina was used to study interactions of the best hit and its aglycon.
Ligands were prepared by adding hydrogens using UCSF Chimera
1.16. The active site was analyzed using the virtual tool Protein
Plus https://proteins.plus/[49]. Finally, the best conformer was
selected and combined with the ligand for further interaction
analysis was using Discovery Studio visualizer program, Protein
ligand Profiler and Protein Plus websit

Results
Bacterial Isolation

A number of six bacterial strains were isolated from sputum
samples of pneumonia patients in two local hospitals in Homs city
and were used for further testing. The antibiotic sensitivity was
recorded for these strains. Most strains were resistant for all classes
tested of antibiotics, two strains were sensitive to imipenem
confirming the great threat these strains pose on the medical
community. Klebsiella pneumonia strains were characterized by
negative gram stain, no motility and mucoid large pink colonies on
MacConkey agar. Then confirmatory biochemical tests were done
including; oxidase test, sucrose and glucose fermentation, H,S
production, indole production, VVoges Proskauer and methyl red
tests, citrate utilization and urease production[50]-[52]. Results of
antibiotic testing are shown in (Table 2).
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Table 2: Results of antibiotic sensitivity Kirby Bauer test to
isolated strains

Antibioti

e A |[C |C |C |CX |FE |IM |[ME |CI |LE
Strain_ |M [N (Z |[F [M |P |P |R |P |V
Num.

1 R |[R |[R |[R |R R |[R [R |R |R
2 R |[R |[R |[R |R R |[R [R |R |R
3 R |[R |[R |[R|R R |[R [R |[R |R
4 R |[R |[R |[R |R R |S |S R |R
5 R |[R |[R |[R|R R |S |S R |R
6 R |[R |[R |[R|R R |[R [R |[R |R

R: Resistant, S: Sensitive, I: Intermediate, AM: Ampicillin 10ug,
CN: Gentamycin 10ug, CZ: Cefazolin 30ug, CF: Ceftazidime
30pg, CXM: Cefuroxime 30ug, FEP: Cefepem 30ug, IMP:
Imipenem 10ug, MER: Meropenem 10ug, CIP: Ciprofloxacin 5ug,
LEV: Levofloxacin 5ug

In-vitro Antibacterial Evaluation

Regarding well-diffusion, inhibition zones expressed as (mean +
standard deviation) are shown in (Table 3). Figures 1,2 show the
well-diffusion and MIC test. Rutin and Quercetin demonstrated
inhibition zones against K. pneumoniae at the lowest concentration
tested (1mg/ml). Rutin exhibited slightly larger inhibition zones of
1.3 mm in comparison to Quercetin’s [Z of 1.2. No inhibition zones
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was noted for 100% DMSO. Turning to the MIC test, which was
done to determine the lowest inhibitory concentration, Rutin and
Quercetin showed negative results using the tested concentration of
500ug/ml and required more than 500 pg/ml. Tested strains were
resistant to the antibiotic Gentamicin with MIC> 512ug used as
positive control. The Kirby Bauer test also showed resistance to
most locally used antibiotics of these strains except for two strains
that were carbapenem sensitive.

Table 3: Diameter of Inhibition zones and minimum inhibitory
concentration values

IZ* (mm) MIC (ug/ml)
Test compound - ;
Klebsiella pneumoniae
Rutin 13.3+1.7 >500
Quercetin 12.7+1.8 >500
Gentamycin 20.1+4.9 >512

*mean = standard deviation, 1Z: inhibition zone, n =6
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Figure 1 Well-diffusion, G refers to Figure 2 MIC done for Rutin, Quercetin
Gentamicin, E for extract, R for Rutin, Q for and Gentamycin
Quercetin and C for control.

Molecular Docking

The minimum binding energy showed that flavonoid glycosides
and aglycons were successfully docked with NDM-1, results
showed that glyosidic compounds exhibited better binding affinity
with NDM-1, followed by flavones such as Diosmetin, Nobiletin
and Tangeretin, Flavonols and flavanones came in next. docking
results of the 26 flavonoids with iIGEMDOCK are shown in (Table
4), Rutin had the lowest binding energy therefore it was chosen to
further computational docking to analyze the ligand’s best binding
mode using Chimera, Quercetin (aglycon) was also selected for
Chimera docking, results are given in (Table 5). The interaction of
Rutin and Quercetin are shown in (Figures 3,4) green dotted lines
refer to H-bonds, green refers to hydrophobic VDW, baby pink
refers to other types of hydrophobic interactions and the orange is
Pi-sulfur bond.
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Table 4: Docking Results Analysis with NDM-1 using AutoDock
vina interfaced with Chimera

Best Pose RMSDub  |[RMSD Lb ?kicr‘::/fr‘]?ol :)nergy
Rutin 0 0 =

Quercetin 0 0 71

Imipenem 0 0 51

RMSD: Root mean square deviation of binding poses upper and
lower bonds

Table 5: Docking Results Analysis with HicBA complex using iIGEMDOCK

No. | Ligand gﬁlgy H-Bond VDW lon Pair
1 Hesperidin -116.284 | -24.803 -91.4812 | 16.9767
2 Rutin -114.076 | -32.4387 | -81.6375 | 15.7442
3 Neoeriocitrin -113.188 | -20.6979 | -92.4899 | 17.5714
4 Flavanomarein -107.851 | -32.7855 | -75.0652 | 19.2188
5 Diosmin -102.698 | -18.2899 | -84.4081 | 15.6744
6 Neohesperidin -101.569 | -22.4196 | -79.149 16.3953
7 Naringin -100.816 | -16.641 -84.1752 | 16.0488
Hyperoside -93.2385 | -24.148 -69.0905 | 17.1818
9 Casticin -84.9586 | -11.0997 | -73.8589 | 17.037
10 Natsudaidain -84.3765 | -9.49343 | -74.883 16.3
11 [3345678- -84.2879 | -7 -77.2879 | 15.7097
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Heptamethoxyflavone

12 | Sinensetin -79.2029 | -7 -72.2029 | 16.0741
13 Nobiletin -78.4698 | -14 -64.4698 | 14.2759
14 Retusin -76.0761 | -3.5 -72.5761 | 18.3462
15 | Tangeretin -75.8864 | -3.5 -72.3864 | 16.037
16 Diosmetin -74.5635 | -15.0359 | -59.5276 | 17.3636
17 | Quercetin -73.9285 | -15.6298 | -58.2987 | 18.8636
18 Salvigenin -72.7298 | -3.5 -69.2298 | 19.0417
19 Luteolin -72.0806 | -17.8665 | -54.2141 | 20.619
20 Hesperitin -71.8242 | -14.4948 | -57.3295 | 18.6818
21 Isookanin -71.1852 | -13.796 -57.3892 | 18.4286
22 Eriodyctiol -70.6317 | -15.8601 | -54.7715 | 19.0476
23 Apigenin -68.5951 | -7.49713 | -61.0979 | 19.2

24 Naringenin -67.2674 | -11.7701 | -55.4973 | 18.6

25 Kaempferol -67.1995 | -14.0415 | -53.1581 | 17.6667
26 Isosakuranetin -65.6346 | -8.44038 | -57.1942 | 17.8095

VDW: Van Der Waals, Energies given in kcal/mole
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Figure 4 Quercetin Interaction with NDM-1 using Protein
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Regarding binding site interactions with the above-mentioned
compounds, Quercetin formed Hydrogen bonds with Ser 249, Gly
207, lle 210 and Lys 211, hydrophobic interactions including Van
der Waals with Ser 251, Asp 212, His 250 and Cys 208, m-alkyl
interactions with Ala 215 and Lys 216 and lastly a m-sulfur was
made with Met 248. Rutin formed H-bonds with Lys 181, Ala 174,
Pro 171 and Asn 176. VDW interactions with Asn 166, Phe 177,
Pro 175, Gly 178, Val 169 and Leu 180 and a n-n stacked with
Trpl68. These results show that both compounds could enter the
binding pocket of NDM-1. 3D structure of Docked Rutin with
NDM-1 is shown in (Figure 5), docking process is shown in (Figure
6). Quercetin showed comparable binding energy and orientation to
imipenem (Figure 7).

Figure 5 Three- dimensional
structure of protein-ligand
interaction with surface view
using Discovery  studio
visualizer

Figure 6 Visuals of docking,
grid box dimensions 34, 29,
44. angstrom and grid
center -30, -10, 25 for the X,
Y, Z axis and conformation
within binding pocket using
Chimera software
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Figure 7 Imipenem and Rutin in the same pocket within NDM-1 active site using
Chimera, imipenem is shown in green and Rutin in magenta

Discussion

This study was done a part of a research focused on the investment
in Citrus peels as a source of functional ingredients with
phytochemicals that can act as antioxidants and antibacterial for
clinically isolated gram-negative bacteria, instead of discarding
peels as waste, attention can be directed towards the isolation and
use of these flavonoids, especially during the ongoing economic
and financial hardship that has been storming over Syria. More
affordable resources can be exploited and put into better use. K.
pneumonia was chosen in this study as a significant pneumonia
causative agent[4], [13], as well as a MDR pathogen with
worldwide epidemiology that threatens the medical future and
poses treatment and management obstacles in pneumonia cases.

The strains isolated in this study were from pneumonia patients in
local hospitals in Homs City, they were mostly carbapenem
resistant as shown in the Kirby Bauer test, these bacteria pose a
great global threat. They were also resistant to other antibiotics this
agrees with the latest reports by a study done on the prevalence of
MDR resistance in K. pneumonia [17]-[20], [53], [54] due to the
misuse of antibiotic prescription among the medical society
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particularly during the current pandemic raising much threat to
pneumonia patients with bacterial secondary infections resistant to
most available treatments[9], [55]

Citrus flavonoids can appear one of two forms, a sugar-containing
glyosidic form and a sugar-free aglycon form[23]. It is well known
that these compound possess potent antimicrobial effects[56]
Previous studies of structure activity relationship (SAR) of Citrus
flavonoids revealed that the balanced role of hydrophilic and
hydrophobic groups and their influence on the antibacterial
activity[57]-[59] However, the presence of specific polar groups
may contribute to improved activity as seen in C3” hydroxyl on ring
B [57], [59]. The number of groups is not as important as the
substitution position where the presence of hydroxyl groups in meta
position on ring C and the higher C3 charges is consistent with the
best pharmacological results [58]. Lastly, the planar structure
C2=C3 on ring C shows overall better activity.

Previous studies have focused on the antibacterial activity of Citrus
peel extracts[60], [61] In this study, one step further was taken to
evaluate the activity of isolated compounds. One aim was to
discriminate between the glyosidic compound and its aglycon with
regard to their antibacterial activity. We used two methods, well-
diffusion and microdilution. Rutin was chosen based on the virtual
screening process and Quercetin as the aglycon form. Rutin and
Quercetin had similar effects on MDR K. pneumonia in the
microdilution test. Well diffusion showed a lower tested
concentration (100pg/well) in comparison with previous studies
done of Quercetin against E-coli (400ug/well) [38], with higher 1Zs
using a lower concentration proving that Rutin and Quercetin may
be of an antibacterial effect against K. pneumoniae.

Secondly regarding the MIC test, both Quercetin and Rutin had

mild effects in this study on carbapenem resistant K. pneumonia

isolated from pneumonia patients in Syria with an MIC >500 pg/L.

For the aglycon/glycoside comparison, similar studies led by other
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researchers presented with different results, for example, Mandalari
et al. elucidated that the aglycons Eriodyctiol and Naringenin had a
lower MIC ranging between 250-800 pg/ml compared to their
conjugated derivatives (Neoeriocitrin and Naringin) done against a
range of Gram negative and positive bacteria[22].

According to Akroum et al. Quercetin’s MIC was 300ug/ml against
K. pneumoniae while the glycoside had double the MIC value[62]
where they illustrated that Quercetin was the most interesting
flavonoid with the least toxicity, while mean MIC in our study was
considerably higher at >500 pg/ml, other researchers confirmed
that Quercetin had the best activity against ESBL and KPC strains
(MIC 64-256 pg/mL)[63]. This may either be attributed to the
testing method differences including the use of distilled water to
dissolve quercetin or the bacterial strains source which were
isolated from pneumonia patients in this study but was not clearly
stated in other studies.

Regarding the MIC test of Rutin, it had an MIC > 500ug/mL and
this MIC agrees with recent similar studies done against resistant
reference strains of K. pneumoniae. For example, Wang et al.[64]
in 2021 showed that MDR K. pneumoniae had low sensitivity to
Rutin with the lowest MIC recorded was against the resistant
reference strain K. pneumoniae ATCC700603 (1024 pg/mL) and it
was proposed to be an antibiofilm agent and prevent hospital-
acquired infection in hospitalized patients[64]. Another recent
study in 2022 which concluded that Rutin had an MIC of
1000pg/ml against MDR and carbapenem resistant reference
strains[65]. The strains tested in our study were MDR strains as
also proved by the control antibiotic test for Gentamicin being
MIC>512ug/mL.

We can notice that the shift in antibiotic resistance pattern for this

bacterium involves not only antibiotics but flavonoids as well

proved by the increasing MIC from the range of 500-1024 pg/ml in

recent years. Older studies done in the 2000s had different results
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compared to our study, the MIC ranged between 32-64 ug/mL for
ESBL+ K. pneumoniae and even lower 8 pg/mL for the for RSKK
574 reference strain. Another study done by Orhan et al. had a
similar result for ESBL+ strains of K. pneumoniae with an MIC of
64pg/mL for Rutin and 16 pg/mL for RSKK 574 reference
strain[66] which may be interpreted by the emergence of
carbapenem resistance and its rapid global spread among Klebsiella
species mediating its low sensitivity to the tested compounds and
using concentrations of at least 1000ug/mL for effectivity which
raises genuine concerns on the available effective options left to
treat resistant-infections caused by MDR resistant K. pneumoniae.

Turning to the docking study, NDM-1 is an important clinical target
for antimicrobial research, but effective inhibitors are yet to be
found, therefore we focused on it in this study. Research has shown
showed the effects of carboxylic acids in re-sensitizing E-coli
sensitivity to imipenem[67]. Our in-silico evaluation confirmed that
flavonoids had a satisfactory interaction with 3RKJ protein of K.
pneumoniae, noting to the possibility of the NDM-1 being a target
for novel antibiotic development. The more negative the energy, the
stronger and more stable interaction can take place with the protein.

Using AutoDock Vina, Quercetin had a lower energy than Rutin
and imipenem, it even showed a close orientation to Imipenem
within the catalytic site found in literature review[33], including a
hydrophobic bond with Cys 208 and His 189, two H-bonds with
His 250 for imipenem, meaning that carbapenems (Imipenem) enter
the catalytic site in this carbapenemase. Looking at previous studies
two compounds tested by AU. Khan et al.[68] including RIF0199 (-
7.6 kcal/mol binding affinity) and AW01120 (-8.6 kcal/mol binding
affinity) resulted in similar interactions to those shown by
Quercetin (-7.1 kcal/mol).

Furthermore, Quercetin achieved 4 H-bonds in structurally crucial

areas of C7 on ring A, C3” and C4’ on ring B and C3 on ring C,

which corresponds with previous studies of SAR, and accounts for
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the measured 1Z with these highly resistant strains. Rutin, however,
although showed significant interactions with the sugar moiety, its
activity is reduced due to higher hydrophobicity which may reduce
Rutin’s ability to cross the phospholipid layer, structural
modification can be made in the form of alkyl addition to introduce
a more balanced log P[59] In other words, Quercetin may play a
novel substituent to antibiotics given the appropriate structural
modifications to intensify this interaction and conduct further in-
depth research using reference and specific target-expressed strains
of K. pneumonia.

This is the first study done to compare the possible effects of Rutin
and Quercetin both as NDM-1 inhibitors and in-vitro. Well-
diffusion test showed that both components had an activity
presented by 1Zs indicating the significance of confirming docking
results using in-vitro methods, Quercetin accurately docked with
NDM-1 proving that bioinformatics can indeed play a major role in
predicting the possible small active molecules orientation within
the protein pocket. This result supplement previous findings on
mechanisms of action, which has already revealed that flavonoids
act as bacterial membrane disrupters and are involved in their
consequent lysis and death[57]. Many mechanisms can be
mentioned such as inhibition of peptidoglycan and nucleic acid
synthesis, and efflux pumps related with multi-drug resistance[56].
Detailed research is needed in future studies to confirm these
findings for the development of possible alternative options to
traditional antibiotics.

Conclusions

1- Constant research is being made to overcome the carbapenem
resistance and the spread of the New Delhi Metalo-flactamase
calls for urgent attention and combined efforts of the medical
and scientific sectors.

2- Finding novel antibiotics can be facilitated by the integrated use
of bioinformatic tools and laboratory techniques as shown in our
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study. Rutin and Quercetin showed possible moderate activity
against these highly resistant strains, which should not be taken

lightly.

Recommendations

1- More efforts should be made to study the synergistic effects or
structural modifications to achieve maximum effectivity.

2- The use of ecofriendly, affordable sources is beneficial in
finding novel antibiotics to face the worldwide emerging threat
of antimicrobial resistance and its economical and health related
complications.

3- Bioinformatics are considered as great tools in drug discovery
within the pharmaceutical industry.
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