
  

 

 

 

 
 

CLUSTER THREE 
MICROBIOLOGY AND BIOCHEMISTRY 

 
Yellow is associated with both caution and sickness, commonly 

linked with the advent of antibiotic-resistant pathogens. The gem 

depicts a quintessential microbe for this reason. However, the 

brighter shades of yellow are associated with hope and positivity. 

The following research studies, tackling the above-mentioned 

issues and other related topics through various means both in the 

laboratory and virtually, hope to emulate and be symbols of such 

positive traits. 

 

The microbiology studies fall under the scope of the Health 

Research and Development Agenda, primarily due to their 

potential contributions to drug discovery and antibacterial 

research in the face of pressures of current health problems and 

drug-resistant bacteria. The biochemistry studies fall under the 

scope of the Health Research and Development Agenda and the 

Aquatic, Agriculture, and Natural Resources (AANR) Research and 

Development Agenda as they provide substantial findings which 

contribute to knowledge-gathering in their respective fields and 

form bases for future practical applications. 

 
BASED ON: Harmonized National Research and Development Agenda (HNRDA)
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Article Info   Abstract 
- 

Stachytarpheta jamaicensis (sentimento) is utilized by locals from Maasin, 
Iloilo as an open wound poultice for its antibacterial properties. This study 
aimed to formulate and evaluate an antibacterial gel incorporated with S. 
jamaicensis leaf extract against Staphylococcus aureus. The gel’s antibacterial 
activity was compared to that of a negative control (gel base) and a positive 
control (hand sanitizer) using the agar well diffusion method. The gel was 
found to be stable in all physicochemical parameters evaluated (pH, 
viscosity, spreadability, centrifugation, and mechanical vibration) except 
for viscosity. The hand sanitizer exhibited the highest zone of inhibition 
(6.17 ± 0.29 mm) followed by the gel (4.67 ± 0.29 mm). Although not 
comparable to the positive control, the gel exhibited antibacterial activity. 
Thus, the drug delivery system effectively delivered the extract’s active 
ingredient. However, it can not be used as a hand sanitizer with its current 
extract concentration.    
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Introduction. - Plant species traditionally used 

as an alternative medicine to address various illnesses 
and diseases have been widely investigated through 
phytochemical screenings. Those proven to contain 
phytochemical constituents whose functions 
coincide with their intended use are then subjected 
to antibacterial and anti-inflammatory tests, among 
others [1]. Once their efficacy has been tested in the 
laboratories, they can now be incorporated into 
medicinal preparations such as syrups, tablets, 
capsules, and topical formulations for mass 
production and commercial sale [1]. 

 
One such plant is the Stachytarpheta jamaicensis, 

locally known as kandikandilaan or sentimento, a 
flowering plant that belongs to the family of 
Verbenaceae. This plant can be found thriving in the 
tropical forests of the Americas, and the subtropical 
forests of Asia and Africa. It has numerous medicinal 
benefits in infectious and chronic health systems [2]. 
In the Philippines, there is an abundance of S. 
jamaicensis where locals use its leaves as a poultice in 
treating open wounds, for it is known to have 
antibacterial properties [3,4]. 

 
Since Abadilla et al. [5] have already developed 

an ointment using S. jamaicensis leaf extracts, this 
study formulated and evaluated a gel. Gel 
formulations are generally preferred over other 
topical semisolid preparations because they stay 
longer on the skin, have a higher viscosity, are more 
bioadhesive, and cause less irritation [6]. In addition, 
gel formulations are moisturizing, water-dependent, 

have a smooth application, and release active 
ingredients more effectively [6,7]. 
 

According to Taylor and Unakal [8], 
Staphylococcus aureus is a common bacteria usually 
found in the skin of most healthy humans, since S. 
aureus is one of the standard components of the 
human’s environment and normal flora. According 
to the study of Jacopin et al. [9], a significant number 
of community-acquired and hospital-acquired 
diseases are triggered by commensal bacteria such as 
Escherichia coli, Staphylococcus aureus, or Streptococcus 
pneumoniae which can also be opportunistic 
pathogens. 

 
With this, an antibacterial gel incorporated with 

S. jamaicensis crude ethanolic leaf extract was 
formulated and evaluated. If proven effective, the 
antibacterial gel may be commercialized to produce 
a sanitizer affordable for the masses and address the 
necessity of discovering new drug delivery systems 
for herbal medicine. 

 
Thus, the study aimed to formulate and evaluate 

an antibacterial gel incorporated with Stachytarpheta 
jamaicensis (sentimento) crude ethanolic leaf extract 
against Staphylococcus aureus. The specific objectives of 
this study were to: 

 
(i) Formulate an antibacterial gel incorporated 
with S. jamaicensis crude ethanolic leaf extract 
against S. aureus; 
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(ii) Evaluate and compare the results of the 
physicochemical tests of the formulated gel 
before and after accelerated stability testing; 
 
(iii) Evaluate the antibacterial activity of the 
formulated gel against S. aureus by measuring its 
zone of inhibition using the agar well diffusion 
method; and 
 
(iv) Determine if there is a significant difference 
between the antibacterial activity of the 
formulated gel with the gel base without the 
extract as the negative control and a 
commercially available hand sanitizer as the 
positive control. 

 
Methods. - The methodology is divided into four 

(4) parts: extraction, gel formulation, physicochemical 
evaluation, and antibacterial evaluation. The 
formulated gel’s physicochemical properties and 
antibacterial activity against Staphylococcus aureus 
alongside the gel base (negative control) and a 
commercially available sanitizer (positive control) 
were evaluated. 
 

Collection and Identification of Samples.     A random 
sampling method was employed in the leaf collection 
in a lot located at Brgy. Daja, Maasin, Iloilo, at 
10°53’45.3”N, 122°24’43.5”E on November 27, 2020. A 
36-sq. meter (6 m by 6 m) main plot was established 
that was further divided into 36 1-square meter 
subplots with dimensions of 1 m by 1 m. Each subplot 
was labeled with numbers from 1 to 36, and 9 subplots 
were randomly chosen as sampling sites. Sentimento 
plants with green leaves and bright even colors were 
uprooted and then verified as S. jamaicensis by the 
Department of Agriculture in Sta. Barbara, Iloilo. 

 
Extract Acquisition.     The collected S. jamaicensis 

leaves were washed under running tap water and 
rinsed with distilled water.  The leaves were oven-
dried for 48 hours [4], pulverized using a blender, and 
sifted with sieves mesh numbers 5 and 10 [10]. Fifty 
(50) grams of the leaf powder was mixed with 500 mL 
of 70% ethanol [11,12] and was sonicated using an 
ultrasonic cleaner (42 kHz, 135 W; Branson Ultrasonic 
Corporation, USA) for 60 minutes. The mixture was 
filtered twice [4] using a vacuum pump and was 
subjected to a rotary evaporator (Biobase IKA RV8-
S099) at 40 °C with 150 revolutions per minute (rpm) 
for 10 hours [13]. The aqueous extract with a 
concentration of 100 mg/mL was then used for the 
antibacterial gel formulation for better solubility with 
the gel base.   

 
Antibacterial Gel Formulation.     To formulate the 

gel, propylene glycol, an antifreeze and anti-melting 
preservative, was added to enhance its stability [14]. 
Glycerin was also added to help the gel stay on the 
skin for a prolonged period [15]. Five (5) grams of 
carbomer 934 (1%), 35 mL of propylene glycol (7%), and 
35 mL of glycerin (7%) were dispersed using a hot plate 
with a magnetic stirrer in 410 mL of distilled water. 
The mixture was allowed to rest for 60 minutes for 
the carbomer to hydrate and swell [16]. 

 
The initial mixture was neutralized with 2 mL of 

triethanolamine to attain the desired pH of 8.0 [16]. 
Forty (40) milliliters of the formulation was then set 

aside in a beaker at room temperature until use, while 
460 mL was incorporated with the leaf extract. Five (5) 
mL of the leaf extract [4] was diluted with  5 mL of 
polysorbate 20, which also improves the gel’s stability 
[17]. The leaf extract and polysorbate 20 mixture was 
then added to the carbomer mixture. The final 
concentration of the extract in the carbomer mixture 
was 106 mg/mL.  

 
Physicochemical Evaluation of Gel.     The tests 

suggested by the Food and Drug Administration 
(FDA), the United States Pharmacopeia (USP), and the 
Brazilian Health Surveillance Agency (ANVISA) were 
conducted with the formulated antibacterial gel [18]. 

 
pH.     The pH of the formulated antibacterial gel 

was measured using a digital pH meter. The electrode 
was dipped into the antibacterial gel and left for 10 
minutes at room temperature before pH reading 
[19,20]. The measurement was carried out in 
triplicates and the average of the three readings was 
recorded to ensure accuracy. 

 
Viscosity.     The viscosity of the antibacterial gel 

was determined using a viscometer at 25 °C with a 
spindle speed of 12 rpm [21]. The measurement was 
carried out in triplicates and the average of the three 
readings was recorded to ensure accuracy. 

 
Spreadability.     The parallel-plate method was 

used to measure the spreadability of the formulated 
gel [22]. Spreadability was calculated using the 
formula: 
 

                               S = 
𝑀⋅𝐿

𝑇
 

  
Where: 

        S  = Spreadability (g ⋅ cm/s) 
 M = Weight (g) tied to the upper slide 
 L  = Length (cm) moved by the glass slide 

T  = Time (s) it took to separate the upper                   
and lower slides 
 

The measurement was carried out in triplicates 
and the average of the three readings was recorded to 
ensure accuracy. 
 

Centrifugation Test.     Five (5) grams of the 
antibacterial gel were subjected to a centrifuge at a 
cycle of 3000 rpm for 30 minutes at room 
temperature [23] to observe the occurrence phase 
separation. 

 
Mechanical Vibration Test.     Five (5) grams of the 

antibacterial gel were transferred to a test tube and 
subjected to a vortex shaker for 10 seconds to observe 
the occurrence of phase separation [24]. 

 
Stability Test.     The formulated antibacterial gel 

underwent a hot and cold temperature cycling 
adopted from Krongrawa et al. [22]. It was placed 
alternately at 4 ± 1 °C and 45 ± 1 °C for 24 hours each 
for 6 cycles. The pH, viscosity, and spreadability were 
measured, and centrifugation and vibration testing 
were conducted in the post-stability test antibacterial 
gel. 
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Antibacterial Evaluation of Gel.     Samples obtained 
from the S. aureus Tryptic Soy Broth (TSB) subculture 
from the Philippine Biobank Facility in University of 
the Philippines Los Baños were inoculated to the 
surface of the Mannitol Salt Agar (MSA) using the 
quadrant streaking method. The plate was then 
incubated for 24 hours at 35 °C. Large, bright yellow, 
and opaque isolated colonies of S. aureus were 
inoculated to 15 mL of TSB and incubated [23]. 
Tryptic Soy Broth (TSB) was then added to reduce 
and achieve the turbidity of 0.5 McFarland standard 
[23].  
 

Using a sterile blue micropipette tip, three 
Mueller Hinton Agar (MHA) plates were each 
punctured to create three uniformly sized wells. Pure 
colonies of S. aureus from the TSB were then 
inoculated and swabbed to the three MHA plates [23]. 
Treatments were then dispensed using a micropipette 
into the wells according to their labels with a uniform 
amount of 1 mL.  The plates were then incubated for 
24 hours at 37 °C [23]. The antibacterial activity of the 
formulated gel, gel base without leaf extract (negative 
control), and a commercially available hand sanitizer 
(positive control) were evaluated by measuring the 
zone of inhibition [23]. 
 

Data Analysis.     For calculations, p-values were 
calculated using R (v4.04, GNU GPL v2). Paired t-test 
was then performed to determine if there is a 
significant difference between the mean pH, viscosity, 
and spreadability of the formulated gel obtained 
before and after accelerated stability testing. One-way 
ANOVA test with the statistical significance set at 5% 
was then used to determine if there is a significant 
difference between the antibacterial activity of the gel 
base, formulated gel, and commercially available 
hand sanitizer against S. aureus based on their 
generated zones of inhibition, and post-hoc analysis 
was evaluated using Tukey HSD test. 
 

Safety Procedure.     Proper protective equipment 
was worn throughout the conduct of the data 
gathering to avoid sample and bacterial 
contamination. Working areas were disinfected with 
70% ethanol. All chemical wastes were handled 
according to their respective safety data sheet, placed 
inside empty water bottles, and were disposed of by 
the personnel of the school. Biological materials such 
as cultures and contaminated glassware were 
autoclaved before disposal. 
 

Results and Discussion. - The data from the agar 
well diffusion assay were statistically analyzed using 
one-way ANOVA to determine if there is a significant 
difference between the zones of inhibition generated. 
Paired t-test was used to determine if there is a 
significant difference among the pH, viscosity, and 
spreadability values acquired. 

 
Physicochemical Evaluation. For the 

physicochemical evaluation, three parameters, 
namely the pH, viscosity, and spreadability of the gel, 
were assessed. Each parameter was then statistically 
analyzed through paired t-tests set at 0.05 alpha with 
n=3 trials. With this, the p-values of the pH, viscosity, 
and spreadability are 0.11, 5.17 x 10-2, and 0.23, 
respectively. The paired t-test showed that there is no 
significant difference in the formulated gel before 
and after accelerated stability testing (AST) in terms of 
pH and spreadability, indicating stability and good 
quality of the formulated gel in these parameters. 
Meanwhile, a significant difference in the viscosity of 
the formulated gel was established before and after 
stability testing, indicating that the formulated gel is 
not of good quality in terms of this parameter. No 
phase separation was observed in the formulated gel 
following the centrifugation and mechanical 
vibration tests before and after stability testing, 
indicating stability and retained homogeneity of the 
formulated gel. 

 
The formulated gel is slightly runny, 

immediately dries after spreading on the skin, has a 
chartreuse color, and has a smooth and somewhat 
heavy feel. The chartreuse color of the gel is due to 
the dark green color of the extract used. 

 
Stability studies on pharmaceutical gels are done 

to determine if a formulation stored in a specific 
container is capable of retaining its physical, 
chemical, and microbiological properties, as well as 
evaluate the effect of the environmental factors on the 
formulation [24]. 

 
Topical treatments usually have an acidic pH, 

since an acidic environment improves the release of 
oxygen in wounded or affected tissues, hence aiding 
in the healing of the wounds [25]. The formulated gel 
had an acidic pH due to its main component being 
carbomer, which is an acid-based polymer [26]. 
Although the pH of the formulated gel is slightly 
lower than that of the skin which is 4.1 to 5.8 [27], it 
was not acidic enough to cause skin irritation, 
therefore safe to use [28]. 

 

   

Figure 1. Results of the physicochemical evaluation. Data are expressed in terms of mean ± standard deviation.
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Viscosity is important in evaluating a gel 
formulation because it affects the spreadability and 
release of the active ingredient. Spreadability aids the 
ability of the gel to be uniformly applied to the skin 
[16]. The spreadability of the formulated gel before 
stability testing was low therefore not ideal [29,30]. 
The low pH attained by the formulated gel caused a 
decrease in its viscosity [30]. The viscosity of a gel is 
highest at its gelling point [32], which in the case of 
the gelling agent used, carbomer, is 8 [16]. With this, it 
could be inferred that the low pH of the gel affected 
its viscosity. The decrease in viscosity then caused an 
increase in the gel’s spreadability [16]. The formulated 
gel is therefore favorable for wound healing in terms 
of its pH [28]. However,  the formulated gel still 
requires a lower viscosity and, consequently, a higher 
spreadability in order to improve in these parameters 
[16,29,30]. 
 

Antibacterial Evaluation.     The One-way ANOVA 
test conducted on the results of the agar well diffusion 
assay showed that there is a significant difference 
between the formulated gel and the positive control. 
It is significantly different in favor of the positive 
control (refer to Figure 2).  
 

 
Figure 2. Results of the antibacterial evaluation. Data 
are expressed in terms of mean ± standard deviation. 
 

A higher concentration of the extract may have 
achieved the same effectivity as the commercially 
available hand sanitizer which corresponds to the 

findings of Ruma and Zipagang [33], which states that 
higher concentration extract results in better 
effectivity in bacterial growth inhibition. 
 

Although the formulated gel is effective as an 
antibacterial gel, it still has areas of improvement and 
the findings of this study may be different to future 
research. Therefore it is prescribed that more studies 
be conducted that would improve the formulated 
gel’s antibacterial activity and physicochemical 
properties. 
 

This indicates that the positive control is a more 
effective antibacterial formulation in comparison to 
the formulated gel. The commercially available hand 
sanitizer used for the positive control is alcohol-based 
therefore is more effective compared to the 
formulated gel which is water-based. This difference 
in formulation provides the commercially available 
hand sanitizer with more efficacy attributed to its 
alcohol content. The formulated gel is not as effective 
as the commercially available hand sanitizer because 
of the concentration of the crude ethanolic leaf 
extract of S. jamaicensis, which was based on the 
minimum inhibitory concentration (MIC) test of Idu 
et al. conducted in 2007 [4]. 

 
Limitations.     The data gathering was conducted 

for two months. Within those two months, the period 
between the acquisition of the extract and gel 
formulation was a month. Hence, the quality of the 
extract may also have been compromised, 
particularly the antibacterial activity. Despite the 
setback, the findings of this research may help future 
studies in improving the formulation and discover the 
most effective concentration for antibacterial 
inhibition. Furthermore, the commercially available 
hand sanitizer used as a positive control has a 
different formulation as to that of the formulated gel, 
which may have affected its diffusion to the agar in 
the antibacterial evaluation.  

 
Conclusion. - The formulated gel with S. 

jamaicensis crude ethanolic leaf extract has 
antibacterial activity against S. aureus. However, due to 
it having a significantly smaller zone of inhibition, it 
is not comparable to that of the commercially 
available sanitizer. 

 
Table 1. Zones of inhibition generated on the MHA plates after incubation. 

 Replicate No. 1 Replicate No. 2 Replicate No. 3 

 
 
 
 

MHA Plates 
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Recommendation. - To further improve the 
results of the study, it is recommended to perform the 
MIC test before proceeding with gel formulation 
since the literature where the MIC was based may be 
outdated. It is also recommended to use a higher 
concentration of S. jamaicensis extract or incorporate 
the extract of another plant that exhibits antibacterial 
properties to investigate synergistic effects to attain a 
higher antibacterial activity. Isolation of known 
phytochemicals associated with the antibacterial 
activity of S. jamaicensis, such as tannins and saponins 
[33], can be done to further improve its bactericidal 
effect. With this, it is recommended that the positive 
control would be the gel base incorporated with a 
known antibiotic with the same concentration as the 
extract. Furthermore, it is recommended to perform 
a microbial load count on the gel to determine its 
degree of microbial contamination. It is also 
recommended to use a paddle attachment in 
formulating the gel base in addition to the overhead 
stirrer to thoroughly mix the gel and reduce the 
formation of bubbles. Moreover, it is recommended 
to measure the physicochemical properties in regular 
intervals during AST to be able to plot a trend line that 
monitors the state of the gel throughout the stability 
testing. Lastly, it is recommended to perform the 
accelerated stability testing for a longer period to 
identify the limit of the gel and to determine its 
expiration date.  
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Article Info   Abstract 
- 

The trehalose-6-phosphate phosphatase (TPP) enzyme, a common 
enzyme that is important for organism survival under stress, is utilized by 
some strains of Pseudomonas aeruginosa. Its presence in such pathogens but 
absence in hosts such as humans makes it a viable anti-pathogenic target. 
As for potential inhibitors, phytochemicals are known to possess medicinal 
properties and offer holistic drug action. Using molecular docking, the 
study screened selected phytochemicals from Moringa oleifera against the 
TPP enzyme of P. aeruginosa. The 13 initial phytochemicals were tested for 
drug-likeness using the Lipinski test, of which 11 passed and were used in 
the docking procedure done in AutoDock Vina. Analysis of the generated 
docks has shown that seven phytochemicals bind in close proximity to the 
active site, two bound elsewhere on the surface of the TPP enzyme, and one 
has both attributes. The docked phytochemicals were determined to act as 
either possible competitive or noncompetitive inhibitors. 
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Introduction. - The efficacy of antibiotics is at 

risk due to rapidly emerging resistant bacteria [1]. 
Antibiotic resistance in clinically relevant 
microorganisms such as Pseudomonas aeruginosa has 
been associated with an increase in hospitalization 
and mortality rates [2]. Antibiotic resistance is 
observed in microorganisms that develop the ability 
to survive medicine targeted against it [3]. Multidrug 
resistance patterns in both Gram-positive and Gram-
negative bacteria are difficult to treat, if not 
untreatable. The increasing numbers of bacterial 
strains acquiring resistance to a wide range of 
antibiotics in recent decades is also alarming [4]. 
 

Trehalose is a disaccharide that plays an 
important role in the survival of some pathogens. 
Recent studies have highlighted its role in desiccation 
resistance, osmoprotection, and resistance to heat or 
cold [5,6,7]. One of the most studied pathways of 
trehalose synthesis in bacteria is the trehalose-6-
phosphate phosphatase (TPP) pathway due to its 
conserved biosynthesis route [8]. The TPP enzyme is 
a member of the haloacid dehydrogenase (HAD) 
superfamily, a group of enzymes that facilitates the 
hydrolysis of a diverse range of organic phosphate 
substrates [9]. 

 
P. aeruginosa, a Gram-negative, opportunistic 

pathogen, is known to infect many organisms, 

including humans [10]. Surveys of genomic databases 
have shown that P. aeruginosa strains possess two 
different TPP coding genes which are chromosomal 
and extrachromosomal [11]. Trehalose can be utilized 
by P. aeruginosa as a carbon and energy source for its 
growth and survival [12]. An increasing number of 
occurrences of drug-resistant P. aeruginosa strains 
have been observed in recent years [12]; a solution to 
this problem must be urgently identified.  

 
Studies have shown the potential of 

phytochemicals in antibiotic resistance research [13]. 
Phytochemicals are known to affect specific 
molecular targets both directly and indirectly through 
affecting metabolic pathways as stabilized conjugates 
[14]. They are also known to have a wide range of 
medicinal properties and offer holistic drug action 
against pathogens without having many side effects 
[15]. 

 
One important factor to consider in the invention 

of new drugs is the risk that such drugs would target 
additional or multiple receptors [16]. According to the 
study of Umesh et al. [13], the TPP enzyme could 
become a viable anti-pathogenic target due to its 
important role in pathogen stress tolerance while 
being completely absent in animal hosts. However, 
there has only been limited research done utilizing 
the chromosomal TPP enzyme of P. aeruginosa as an 
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anti-pathogenic target. 
 
In recent years, the incorporation of computer-

based methods in medicinal chemistry has brought 
with it advantages in rational drug design [17]. 
Methods such as molecular docking are now available 
for the in silico study of biological systems and drug 
discovery [17]. 
 

The present study proposed to virtually screen 
the selected phytochemicals from Moringa oleifera 
against the chromosomal trehalose-6-phosphate 
phosphatase (TPP) enzyme of P. aeruginosa. 
Phytochemicals from M. oleifera were used as they 
were the most abundant types of phytochemical [18], 
and others have already been used in previous 
molecular docking studies [19]. Specifically, the study 
aimed to: 

 
(i) evaluate the drug-likeness of the 
phytochemicals using the Lipinski rule through 
SwissADME; 
 
(ii) identify the predicted binding sites of the 
selected phytochemicals to the TPP enzyme of P. 
aeruginosa through AutoDock Vina; 
 
(iii) predict the interactions between the TPP 
enzyme and each phytochemical through 
LigPlot+; and 
 
(iv) provide proof-of-concept for the mechanism 
of binding between each phytochemical and the 
TPP enzyme. 

 
Methods. - A preliminary Lipinski test was 

conducted to test the drug-likeness of 13 selected 
phytochemicals from M. oleifera. The phytochemicals 
which passed the test were then subjected to 
molecular docking with the chromosomal TPP 
enzyme of P. aeruginosa using AutoDock Vina [20]. 
Data analysis on the predicted binding sites and 
interactions was done using LigPlot+ [21], PyMOL 
[22], and UCSF Chimera [23]. The phytochemicals’ 
potential to be possible inhibitors of the TPP enzyme 
was contextualized using existing literature. 

 
Selection of Phytochemicals.     Thirteen 

phytochemicals involved in the studies of Lin et al. 
[18] and Zainab et al. [19] from M. oleifera were selected 
to be docked with the TPP enzyme. These 
phytochemicals and their respective PubChem 
Compound ID numbers are: (1) alpha-carotene 
(4369188), (2)  anthraquinone (6780), (3) apigenin 
(439726), (4) excoecariatoxin (5281400), (5) flavylium 
(145858), (6) hemlock tannin (15559687), (7) 
isorhamnetin (5281654), (8) kaempferol (5280863), (9)  
laurifolin (102301875), (10) phenolic steroid (439726), 
(11) quercetin (5280343), (12) serpentine (73391), and 
(13) sitogluside (5742590). The three-dimensional 
structures of trehalose-6-phosphate (T6P)-substrate 
(positive control), carbon tetrachloride (negative 
control), and the phytochemicals in structured data 
format (SDF) were retrieved from the National Center 
for Biotechnology Information (NCBI) PubChem. 

 
Lipinski Test for Drug-likeness.     To evaluate and 

assess compounds during drug discovery and 
optimization, the Lipinski rule of five is used [24]. The 

phytochemicals were evaluated for their drug-
likeness using the Lipinski rule by uploading their 
SDF files to SwissADME, a web-based application [25]. 
The phytochemicals that passed the rule with one or 
no violations were the only ligands to be tested with 
TPP. 

 
Preparation of Molecular Models.     The three-

dimensional structure of TPP (PDB ID: 6CJ0) in PDB 
format was retrieved from Protein Data Bank (PDB).  
The natural ligands (CO3 and Mg+2) of the TPP 
enzyme were deleted using UCSF Chimera before the 
file was saved in PDB format.  This file was then 
opened in AutoDock Tools to remove water 
molecules to avoid distortion in the search for 
possible binding sites [26]. Afterward, polar hydrogen 
atoms were added to establish the hydrogen bonds 
that may be involved in the binding of the protein and 
ligand.  The whole macromolecule was enclosed by 
the grid box. The offset numbers and the number of 
points in the x, y, and z dimensions were noted down 
to define the search space for ligand binding in 
AutoDock Vina . The TPP was saved as a PDBQT file. 
Moreover, the SDF files of each phytochemical were 
converted in PDB format using UCSF Chimera.  The 
substrate and each phytochemical were then opened 
in AutoDock Tools to detect its root to assign rotatable 
torsion angles of the ligand. After that, the controls 
and each phytochemical were saved as a PDBQT file. 

 
Molecular Docking Proper.     The config file was 

written in Python programming language. The input 
placed were the receptor (TPP enzyme) and the ligand 
(phytochemicals and controls). The filenames of the 
output of AutoDock Vina in PDBQT and TXT format 
were then stated. After, the offset values and grid box 
size were also stated. The exhaustiveness was then set 
to 24. The MS/DOS command prompt was opened to 
run AutoDock Vina. The directory was changed to the 
file path of the folder where the PDBQT and config 
files were saved. To dock the ligand and the receptor, 
the file path of the .exe file of AutoDock Vina was 
pasted on the command prompt. This was then 
followed by two dashes and the word ‘config’ and its 
TXT file extension. 

 
Data Analysis.     AutoDock Vina automatically 

generates the top nine conformations per ligand. Each 
conformation of the docked ligand and receptor was 
individually saved as a PDB file using PyMOL The 
PDB files of the conformations were analyzed using 
UCSF Chimera and LigPlot+. LigPlot+ was utilized to 
analyze the two-dimensional (2D) structure of the 
conformations and to generate schematic 2D 
diagrams of ligand-protein interactions. The amino 
acids involved in hydrogen bonding and hydrophobic 
interactions were noted down and verified using 
UCSF Chimera, which was also used to generate 
three-dimensional (3D) structures of the 
conformations. 

 
Safety Procedure.     Since the study was done in 

silico, the researchers took frequent breaks and 
practiced the 20-20-20 rule; every 20 minutes, watch 
an object 20 feet away for 20 seconds. This was done 
to ensure that the researcher’s eyes were not strained 
from long exposure to digital screens during the data 
gathering procedure. 
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Results and Discussion. - The study aimed to 
virtually screen the selected phytochemicals from M. 
oleifera against the chromosomal trehalose-6-
phosphate phosphatase (TPP) enzyme of P. aeruginosa. 
The 13 selected phytochemicals were subjected to the 
Lipinski rule. Those that passed were docked with the 
TPP enzyme using AutoDock Vina. Each generated 
conformation was then analyzed using UCSF 
Chimera and LigPlot+. 

 
Lipinski Drug-likeness Test.     According to the 

Lipinski rule, the requirements for a compound to be 
considered drug-like state that an orally active drug 
must not violate more than one of the following 
criteria: the molecular weight should not exceed 500 
grams/mole, the MlogP [27] should not exceed 4.15, 
there must not be more than five hydrogen bond 
donors, and  there must not be more than ten 
hydrogen bond acceptors [28]. The 13 phytochemicals 
were subjected to Lipinski drug-likeness test using 
SwissADME. Among the 13 phytochemicals, 11 passed 
the Lipinski drug-likeness test. These can be referred 
to in Table 1. 

 
Table 1. Drug-likeness of selected M. oleifera phytochemicals 
based on Lipinski rule. 

a b c d e f 

Alpha-carotene* 536.87 12.46 0 0 2 

Anthraquinone 208.21 1.86 0 2 0 

Apigenin  270.24 0.52 5 3 0 

Excoecariatoxin 528.63 1.47 3 8 1 

Flavylium 207.25 3.28 0 1 0 

Hemlock 
tannin* 

578.52 -0.26 10 12 3 

Isorhamnetin 316.26 -0.31 4 7 0 

Kaempferol 286.24 -0.03 4 6 0 

Laurifolin 356.37 1.09 3 6 0 

Phenolic steroid 256.38 4.46 1 1 1 

Quercetin 302.24 -0.56 5 7 0 

Serpentine 349.40 2.21 0 4 0 

Sitogluside 576.85 3.96 4 6 1 

a Phytochemical; b Molecular weight (g/mol); c MlogP; d No. 
of hydrogen bond donors; e No. of hydrogen bond acceptors; 
f No. of violations; *Phytochemicals that did not pass the 
Lipinski test. 
 

Alpha-carotene and hemlock tannin did not meet 
two and three out of four criteria, respectively; they 
were not included in the list of phytochemicals that 
were used in the molecular docking process. 

 
Analysis of Predicted Binding Sites and Interactions. 

After generating the top nine conformations in 
AutoDock Vina, the top two poses of each docked 
ligand (phytochemical or control) were selected to be 
analyzed further. For ligands which are bound 

restrictively to one chain, the two poses correspond to 
the top-ranked conformations for Chain A and Chain 
B, respectively. For ligands that interacted with both 
chains, the first and second-ranked conformations 
were selected. 
 

The chromosomal TPP enzyme of P. aeruginosa is 
a member of the haloacid dehydrogenase (HAD) 
superfamily [11], which comprises enzymes such as 
phosphatases, ATPases, phosphomutases, phospho-
natases, and dehalogenases [29]. TPP possesses a core 
phosphatase domain with α/β-hydrolase fold, which is 
common among the hydrolase family, as well as a cap 
domain [30]. While the fold of the core domain, 
which functions as base and side walls of the active 
site, is well conserved among the HAD superfamily, 
the cap domain, which functions as the cover, can 
vary in size and structure [30]. Through comparisons 
to other bacterial TPPs, the structure of the TPP 
enzyme from P. aeruginosa is also revealed to have 
four HAD conserved motifs located in the core 
domain [11]. 

 
The study found that all of the top predicted 

conformations of the docked phytochemicals 
interacted with amino acid residues located in the 
core domain. The top predicted conformations (for 
both chain A and B) of seven phytochemicals were in 
close proximity to the active site of the TPP enzyme; 
this is because they bound to one or more motifs 
within the core domain [11]. The exception is the top 
predicted conformation of sitogluside in chain A since 
it is bound near the β12 sheet. The other two 
phytochemicals (flavylium and serpentine) that did 
not bind near the active site were also bound to amino 
acid residue/s near the β12 sheet, the hydrophobic 
interface that links the two monomers. 

 
The active site of an enzyme is defined as the 

region that binds the substrate (a ligand that becomes 
the starting material of an enzymatic reaction) and 
converts it into a product [31]. It is formed by amino 
acid residues; the properties and spatial arrangement 
of these determine which molecules can bind to and 
become substrates for the enzyme. The forces which 
bind the substrate are multiple weak forces such as 
hydrogen bonds, hydrophobic interactions, 
electrostatic interactions, and van der Waals bonds 
[31]. This study only observed the hydrogen and 
hydrophobic bonds that each phytochemical had with 
the TPP enzyme. 

 
The phytochemicals anthraquinone, apigenin, 

isorhamnetin, kaempferol, laurifolin, phenolic 
steroid, and quercetin may be possible competitive 
inhibitors since these phytochemicals bind in close 
proximity to the active site of the TPP enzyme – all of 
these phytochemicals bound to one or more motifs – 
through steric hindrance. Steric hindrance prevents 
the further interaction of the natural substrate to the 
receptor when a competitive inhibitor is bound to the 
active site [32]. This effect of steric hindrance implies 
that if the phytochemicals bound to the active site of 
the TPP enzyme, T6P (the natural substrate) could not 
be catalyzed by the TPP enzyme into trehalose.  

As for flavylium and serpentine, they could be 
considered as allosteric modulators or possible 
noncompetitive inhibitors due to their binding site 
being quite different from the active site. Allosteric 
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modulators bind elsewhere on the protein surface 
other than the active site and induce an allosteric 
conformational change of the active site of the 
receptor by shifting the free energy landscape [33,34] 
However, while noncompetitive inhibitors may or 
may not affect the structure of the protein, it is less 
certain what effect they may have on the binding 
affinity of the natural substrate since noncompetitive 
inhibitors do not compete with the substrate for active 
site binding [35].  

 
As for sitogluside, its different conformation in 

each chain may suggest that it may possibly act as an 
allosteric modulator (in the case of Chain A) or a 
competitive inhibitor (in the case of Chain B). This is 
illustrated in Figures 1 and 2. 

 

 
Figure 1. (a) Third-ranked predicted binding site of 
sitogluside in the TPP enzyme; (b) Top predicted binding site 
of sitogluside in chain A of the TPP enzyme with 
corresponding amino acid residues with (green) hydrogen 
bonds or (blue) hydrophobic bonds. 
 

 
Figure 2. (a) Top-ranked predicted binding site of sitogluside 
in the TPP enzyme; (b) Top predicted binding site of 
sitogluside in chain B of the TPP enzyme with corresponding 
amino acid residues with (green) hydrogen bonds or (blue) 
hydrophobic bonds. 
 

Inhibiting the T6P-substrate from binding to the 
active site would eventually lead to its accumulation. 
The intracellular accumulation of T6P is toxic to host 
organisms [36]. Previous studies determined that T6P 
accumulation can be lethal to Caenorhabditis elegans 
and Mycobacterium tuberculosis [36,37]. This adverse 
effect is due to the inhibition of metabolic enzymes 
such as phosphotransferases caused by sugar-
phosphatases acting as antimetabolites [38]. The 
effects of the accumulation of T6P in P. aeruginosa are 
still unknown. However, the widespread toxicity of 
T6P and the presence of a glycolytic enzyme - known 
to be inhibited by T6P in other organisms - in P. 
aeruginosa all suggest that T6P accumulation may 
have adverse effects on the bacteria [11]. 

Antibacterial Properties of Phytochemicals.     Several 
of the phytochemicals are already known to exhibit 
antibacterial properties against bacteria. Likewise, M. 
oleifera is also known to exhibit antibacterial 
properties against both Gram-positive and Gram-
negative bacteria [39]. As for the phytochemicals, four 
of the seven possible competitive inhibitors are 
known to exhibit antibacterial activity against P. 
aeruginosa [40,41,42,43]. There is a lack of studies on 
the antibacterial activity of isorhamnetin, and the 
noncompetitive inhibitors flavylium and serpentine, 
against P. aeruginosa. Sitogluside exhibited low activity 
against P. aeruginosa in a study testing the antibacterial 
activity of daucosterol isolated from the roots of Cissus 
populnea [44]. 

 
Limitations.     The study was not able to analyze 

the top rankings of excoecariatoxin since the 
generated conformation files could not be opened in 
LigPlot+ for further data analysis. This affected the 
third objective because the study was not able to 
predict the interactions between the TPP enzyme and 
the excoecariatoxin. 

 
Conclusion. - The study concluded that after 

virtually screening the selected phytochemicals of M. 
oleifera against the chromosomal trehalose-6-
phosphate phosphatase (TPP) enzyme of P. aeruginosa, 
all of the 11 docked phytochemicals that were 
analyzed are either possible competitive inhibitors or 
allosteric modulators of the enzyme. 
 

Recommendations. - The researchers would 
recommend the utilization of software programs 
which could process the docked excoecariatoxin 
conformations. In situ analysis via nuclear magnetic 
resonance spectroscopy is also encouraged to 
examine the possible allosteric sites. Isothermal 
titration calorimetry to confirm the intended binding 
target of the TPP enzyme and each phytochemical is 
also recommended. 

 
Acknowledgement. - The authors would like to 

thank the SIDHI Mentorship community for 
providing the opportunity to hold consultations and 
provide insights regarding the study. The authors 
would also like to thank Mr. Jose Sandino Bandonil of 
Academia Sinica and of the SIDHI Mentorship 
community, and Mr. Romie Azur, Science Research 
Specialist II at the National Institute of Molecular 
Biology and Biotechnology of the University of the 
Philippines-Diliman, for their guidance in the data 
gathering and data analysis procedures. 
 
References 
 
[1] Ventola CL. 2015. The antibiotic resistance crisis. 

P.T. 40(4): 277-283. PMID: 25859123. 
 
[2] Berendonk, TU, Manaia CM, Merlin C, Fatta-

Kassinos D, Cytryn E, Walsh F, Bürgmann H, 
Sorum H, Norström M, Pons MN, and others. 
2015. Tackling antibiotic resistance: the  
environmental framework. Nat Rev Microbiol. 
13(2015): 310–317. doi: 10.1038/nrmicro3439.  

 
[3] CDC. 2020. About antibiotic resistance. [Internet]. 

Centers for Disease Control and Prevention; 



 
 

Molecular docking of selected phytochemicals from Malunggay | 49 

 

  [cited 2021 Feb 27]. Available from: 
https://bit.ly/3eNL9F9. 

 
[4] Lewis R. 1995. The rise of antibiotic-resistant 

infections. FDA. 1–7. PMID: 10145087. 
 
[5] Iordachescu M, Imai R. 2011. Trehalose and abiotic 

stress in biological systems. In: Shanker A, 
Venkateswarlu B, editors. 2011. Abiotic stress in 
plants: mechanisms and adaptations. 
IntechOpen. doi: 10.5772/22208. Available 
from: https://bit.ly/2QMMxQr. 

 
[6] Ash C. 2017. Trehalose confers superpowers. 

Science. 358(6869): 1398.5–1399. doi: 
10.1126/science.358.6369.1398-e. 

 
[7] Zeidler S, Hubloher J, Schabacker K, Lamosa P, 

Santos H, Müller V. 2017. Trehalose, a 
temperature‐ and salt‐induced solute with 
implications in pathobiology of Acinetobacter 
baumannii. Environ Microbiol. 19(12): 5088–
5099. doi: 10.1111/1462-2920.13987.  

 
[8] Avonce N, Mendoza-Vargas A, Morett E, Iturriaga 

G. 2006. Insights on the evolution of trehalose 
biosynthesis. BMC Evol Biol. 6(109): 1–15. doi: 
10.1186/1471-2148-6-109. 

 
[9] Koonin EV, Tatsutov RL. 1994. Computer analysis 

of bacterial haloacid dehalogenases defines a 
large superfamily of hydrolases with diverse 
specificity: application of an iterative approach 
to database search. J Mol Biol. 244(1): 125–132. 
doi: 10.1006/jmbi.1994.1711. 

 
[10] Sadikot RT, Blackwell TS, Christman JW, Prince 

AS. 2005. Pathogen-host interactions in 
Pseudomonas aeruginosa pneumonia. Am J 
Respir Crit Care Med. 171: 1209–1223. doi: 
10.1164/rccm.200408-1044so. 

 
[11] Cross M, Biberacher S, Park SY, Rajan S, 

Korhonen P, Gasser RB, Kim JS, Coster MJ, 
Hofmann A. 2018. Trehalose 6-phosphate 
phosphatases of Pseudomonas aeruginosa. FASEB 
J. 32(2018): 5470–5482. doi: 
10.1096/fj.201800500R. 

 
[12] Argüelles. 2000. Physiological roles of trehalose 

in bacteria and yeasts: a comparative analysis. 
Arch Microbiol. 174(4): 217–224.  doi: 
10.1007/s002030000192. 

 
[13] Umesh HR, Ramesh KV, Devaraju KS. 2020. 

Molecular docking studies of phytochemicals 
against trehalose–6–phosphate phosphatases 
of pathogenic microbes. Beni-Suef Univ J Basic 
Appl Sci. 9(5): 1–14. doi: 10.1186/s43088-019-
0028-6. 

 
[14] Jagadeeshan S, Prasad MM, Nair SA.  2018. Role of 

deguelin in chemoresistance. In: Aggarwal B, 
Alok B. 2018. Role of Nutraceuticals in Cancer 
Chemosensitization, Volume 2. 287–296. doi: 
10.1016/B978-0-12-812373-7.00014-0. 

 
[15] Barbieri R, Coppo E, Marchese A, Daglia M, 

Sobarzo-Sánchez E, Nabavi SF, Nabavi SM. 

2017. Phytochemicals for human disease: an 
update on plant-derived compounds 
antibacterial activity. Microbiol Res. 196: 44–
68. doi: 10.1016/j.micres.2016.12.003. 

 
[16] Dickson M, Gagnon JP. 2004. Key factors in the 

rising cost of new drug discovery and 
development. Nat Rev Drug Discov. 3(2004): 
417–429. Available from: 
https://go.nature.com/3eaFCtv. 

 
[13] Umesh HR, Ramesh KV, Devaraju KS. 2020. 

Molecular docking studies of phytochemicals 
against trehalose–6–phosphate phosphatases 
of pathogenic microbes. Beni-Suef Univ J Basic 
Appl Sci. 9(5): 1–14. doi: 10.1186/s43088-019-
0028-6. 

 
[17] Ramírez D. 2016. Computational methods applied 

to rational drug design. Open J Med Chem. 
10(1): 7–20. doi:10.2174/187410450161001000. 

 
[18] Lin M, Zhang J, Chen X. 2018. Bioactive 

flavonoids in Moringa oleifera and their health-
promoting properties. J Funct Foods.  47(2018): 
469–479. doi: 10.1016/j.jff.2018.06.011. 

 
[19] Zainab B, Ayaz Z, Alwahibi MS, Khan S, Rizwana 

H, Soliman DW, Alawaad A, Abbasi AM. 2020. 
In-silico elucidation of Moringa oleifera 
phytochemicals against diabetes mellitus. 
Saudi J Biol Sci. 27(9): 2299–2307. doi: 
10.1016/j.sjbs.2020.04.002. 

 
[20] Trott O, Olson AJ. 2010. AutoDock Vina: 

improving the speed and accuracy of docking 
with a new scoring function, efficient 
optimization and multithreading. J Comput 
Chem. 31(2010): 455-461. 
doi:10.1002%2Fjcc.21334. 

 
[21] Laskowski RA, Swindells MB (2011). LigPlot+: 

multiple ligand-protein interaction diagrams 
for drug discovery. J Chem Inf Model., 51, 2778-
2786. doi:10.1021/ci200227u.  

 
[22] The PyMOL Molecular Graphics System, Version 

1.2r3pre, Schrödinger, LLC. 
https://pymol.org/2/.  

 
[23] Pettersen EF, Goddard TD, Huang CC, Couch GS, 

Greenblatt DM, Meng EC, Ferrin TE. 2004. 
UCSF Chimera--a visualization system for 
exploratory research and analysis. J Comput 
Chem. 25(13): 1605-1612. 
doi:10.1002/jcc.20084. 

 
[24] Pollastri MP. 2010. Overview on the rule of five. 

Curr Protoc Pharmacol. 49(1): 9.12.1–9.12.8. doi: 
10.1002/0471141755.ph0912s49. 

 
[25] Daina A, Michielin O, Zoete V. 2017. SwissADME: 

a free web tool to evaluate pharmacokinetics, 
drug-likeness and medicinal chemistry 
friendliness of small molecules. Sci Rep. 7(1): 1-
13. doi:10.1038/srep42717. 

 
[26] Forli S, Huey R, Pique ME, Sanner MF, Goodsell 

DS, Olson AJ. 2016. Computational protein–

https://bit.ly/3eNL9F9
https://bit.ly/2QMMxQr
https://go.nature.com/3eaFCtv


 
 

50 | Azur et al.   

 

  ligand docking and virtual drug screening with 
the AutoDock suite. Nature Protocols. 11(5): 
905–919. doi: 10.1038/nprot.2016.051.  

 
[27] Moriguchi I, Hirono S, Nakagome I, Hirano H. 

1994. Comparison of reliability of log P values 
for drugs calculated by several methods. Chem 
Pharm Bull. 42(4): 976–978. doi: 
10.1248/cpb.42.976. 

 
[28] Lipinski CA, Lombardo F, Dominy BW, Feeney 

PJ. 2001. Experimental and computational 
approaches to estimate solubility and 
permeability in drug discovery and 
development settings. Adv Drug Deliv. 46(1–3): 
3–26.  doi: 10.1016/s0169-409x(00)00129-0. 

 
[29] Burroughs AM, Allen KN, Dunaway-Mariano D, 

Aravind L. 2006. Evolutionary genomics of the 
HAD superfamily: understanding the 
structural adaptations and catalytic diversity in 
a superfamily of phosphoesterases and allied 
enzymes. J Mol Biol. 361(5):1003–1034. doi: 
10.1016/j.jmb.2006.06.049. 

 
[30] Rao KN, Kumaran D, Seetharaman J, Bonanno JB, 

Burley SK, Swaminathan S. 2006. Crystal 
structure of trehalose‐6‐phosphate 
phosphatase– related protein: biochemical and 
biological implications. Protein Sci. 15(2006): 
735–1744. doi: 10.1110/ps.062096606. 

 
[31] Aryal S. 2018. Enzymes – properties, classification 

and significance. [Internet]. Microbenotes; 
[cited 2021 April 21]. Available from: 
https://bit.ly/3vuU31h.  

 
[32] Kenakin T. 2016. Allosterism in drug discovery. 

Chapter 2. Identifying and quantifying 
allosteric drug function. eISBN:978-1-78262-
927-6. doi: 10.1039/9781782629276-00024.  

 
[33] Wood MR, Hopkins CR, Brogan JT, Conn PJ, 

Lindsley CW. “Molecular switches” on mGluR 
allosteric ligands that modulate modes of 
pharmacology. Biochemistry 2011; 50: 2403–
10. doi: 10.1021/bi200129s. 

 
[34] Nussinov R. 2012. The different ways through 

which specificity works in orthosteric and 
allosteric drugs. Curr Pharm Des. 18(9): 1311–
1316. doi: 10.2174/138161212799436377. 

 
[35] Delaune KP, Alsayouri K. 2020. Physiology, 

noncompetitive inhibitor. StatPearls. [accessed 
2021 April 26]. Available from: 
https://bit.ly/3vuU6Kv.  

 
[36] Kormish JD, McGhee JD. 2005. The C. elegans 

lethal gut-obstructed gob-1 gene is trehalose6-
phosphate phosphatase. Dev Biol. 287(1): 35–47. 
doi: 10.1016/j.ydbio.2005.08.027. 

 
 

[37] Korte J, Alber M, Trujillo CM, Syson K, Koliwer-
Brandl H, Deenen R, Kohrer K, DeJesus MA, 
Hartman T, Jacobs WR Jr., and others. (2016) 
Trehalose-6-phosphate-mediated toxicity 
determines essentiality of OtsB2 in 
Mycobacterium tuberculosis in vitro and in mice. 
PloS Pathog. 12: e1006043. doi: 
10.1371/journal.ppat.1006043.  

 
[38] Liu C, Dunaway-Mariano D, Mariano PS. 2017. 

Rational design of first eneration inhibitors for 
trehalose 6-phosphate phosphatases. 
Tetrahedon. 73(2017): 1324–1330. doi: 
10.1016/j.tet.2017.01.041.  

 
[39] Rahman MM, Sheikh MMI, Sharmin SA, Islam 

MS, Rahman MA, Rahman MM, Alam MF. 
2009. Antibacterial ability of leaf juice and 
extracts of Moringa oleifera Lam. against some 
human pathogenic bacteria. CMU J Nat Sci. 
8(2): 219–227. [accessed 2021 Jan 29]. Available 
from: https://bit.ly/2PDvsb9.  

 
[40] Lenta BN, Weniger B, Antheaume C, Noungoue 

DT, Ngouela S, Assob JCN, 
VonthronSenecheau C, Fokou PA, Devkota KP, 
Tsamo E, and others. 2007. Anthraquinones 
from the stem bark of Stereospermum zenkeri 
with antimicrobial activity. Phytochemistry. 
68(11):1595–1599. doi: 
10.1016/j.phytochem.2007.03.037. 

 
[41] Nayaka HB, Londonkar RL, Umesh MK, Tukappa 

A. 2014. Antibacterial attributes of apigenin, 
isolated from Portulaca oleracea L. Int J 
Bacteriol. 2014. doi:10.1155/2014/175851. 
[accessed 2021 Jan 23]. Available from: 
https://bit.ly/2QKmwBr. 

 
[42] Ha LK, Kong HJ, Cho YL, Gue JC, Sang KS, Hwang 

JS, Chung P. 2012. Antimicrobial and anti-
wrinkle effect of kaempferol and kaempferol 
rhamnosides isolated from Hibiscus cannabinus 
L. The Korean Journal of Medicinal Crop 
Science. doi:10.7783/KJMCS.2012.20.6.454. 
[accessed 2021 Jan 23]. Available from: 
https://bit.ly/3396uU4. 

 
[43] Ouyang J, Sun F, Feng W, Sun Y, Qiu X, Xiong L, 

Liu Y, Chen Y. 2016. Quercetin is an effective 
inhibitor of quorum sensing, biofilm 
formation and virulence factors in Pseudomonas 
aeruginosa. J Appl Microbiol. 120(2016): 966–
974. doi: 10.1111/jam.13073. 

 
[44] Nyemb JN, Djankou MT, Talla E, Tchinda AT, 

Ngoudjou DT, Iqbal J, Mbafor JT. 2018. 
Antimicrobial, α-Glucosidase and alkaline 
phosphatase inhibitory activities of bergenin, 
the major constituent of Cissus populnea roots. 
Med Chem. 08(02). doi:10.4172/2161-
0444.1000492. [accessed 2021 Jan 24]. Available 
from: https://bit.ly/3hsY02S.   

https://bit.ly/3vuU31h
https://bit.ly/3vuU6Kv
https://bit.ly/2PDvsb9
https://bit.ly/2QKmwBr
https://bit.ly/3396uU4

