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The development of new antibiotics from new chemical entities is becoming more and more expensive, time-consuming, and
compounded by emerging strains that are drug resistant. Alkaloids are plant secondary metabolites which have been shown to
have potent pharmacological activities. The effect of alkaloids from Callistemon citrinus and Vernonia adoensis leaves on bacterial
growth and efflux pump activity was evaluated on Staphylococcus aureus and Pseudomonas aeruginosa. At a concentration of
1.67 mg/mL, the alkaloids inhibited bacterial growth with comparable effects to ampicillin, a standard antibiotic. The alkaloids
from C. citrinus were the most potent against S. aureus with an MIC of 0.0025 mg/mL and MBC of 0.835 mg/mL. It was shown
that effects on P. aeruginosa by both plant alkaloids were bacteriostatic. P. aeruginosa was most susceptible to drug efflux pump
inhibition by C. citrinus alkaloids which caused an accumulation of Rhodamine 6G of 121% compared to the control. Thus, C. citrinus
alkaloids showed antibacterial activity as well as inhibiting ATP-dependent transport of compounds across the cell membrane.
These alkaloids may serve as potential courses of compounds that can act as lead compounds for the development of plant-based

antibacterials and/or their adjunct compounds.

1. Introduction

Bacterial infections are one of the leading causes of infectious
diseases in Africa. Poverty and poor health infrastructure
continue to be an impediment to effective health care service
delivery [1]. On a global scale, life-threatening infections
caused by these pathogenic prokaryotic microorganisms have
become an important cause of morbidity and mortality in
immune-compromised patients in developing countries [2].
Despite the availability of a wide range of antibiotics, bacteria
are constantly developing resistance to these agents [3],
which makes it difficult for the concerted effort of combating
infectious diseases. From the advent of antimicrobial
application in treatment of bacterial diseases, bacteria
responded by manifesting varied forms of mechanisms of
resistance. With passage of time the level and complexity of

the resistance mechanisms by bacterial pathogens increase
[4]. Drug resistant bacteria, particularly Staphylococci
species, Klebsiella pneumoniae, and Pseudomonas species, are
becoming commonplace in healthcare institutions [4] and are
possibly contributing to the occurrence of treatment failures.

Virulence factors aid bacteria in invading tissues, evade
the defenses mechanisms, and cause disease in the host [5]. It
is fundamental to understand how pathogenic bacteria inter-
act with their hosts to produce disease as these mechanisms
may be targets in drug development [6]. The ability to form
biofilms confers a selected advantage for bacteria to strive
under harsh environmental conditions and provide resis-
tance to antimicrobial agents [6]. Pseudomonas aeruginosa,
Mycobacterium tuberculosis, Streptococcus pneumoniae, and
Staphylococcus aureus are examples of bacteria that form
biofilms [7].



Staphylococcus aureus and Pseudomonas aeruginosa
are typical Gram-positive and Gram-negative pathogens,
respectively, that have been significantly characterized in
community-acquired and hospital-acquired infections [8].
Staphylococcus aureus is a facultative anaerobe that exists
normally as part of the skin and nasal flora and estimates
are that 20% percent of the human population are long term
carriers of the bacteria [9]. This bacterium also occurs in ani-
mals, sewage, and food and on household and environmental
surfaces. The presence of S. aureus in humans as part of
normal flora means that the bacteria can infect human tissues
such as the skin dermis or mucosal linings when defensive
barriers have been breached. This leads to topical skin
infections like furuncles, carbuncles, acne, boils, and severe
staphylococcal-scalded skin syndrome [10]. Life-threatening
systemic infections such as pneumonia, meningitis, and
sepsis may also result especially in immunocompromised
patients [11]. P. aeruginosa is a ubiquitous microbe as it can
catabolise a wide range of organic chemicals like benzoate;
as such, it has been found in environments such as soil,
water, and hospitals and in humans, plants, and sewage [12].
An outer membrane in the cell structure of P aeruginosa
confers pronounced resistance to xenobiotics including
antibacterials. P. aeruginosa rarely causes diseases in health
individuals with a competent immune set-up; it, however, is
an opportunistic pathogen that infects immunocompromised
patients, especially those with AIDS and cystic fibrosis and
chemotherapy patients [13]. P aeruginosa gains entry to
burns, breached skin, or mucosal linings using its flagellum
and pili and replicates to create an infectious critical mass.
More seriously, the exotoxins and endotoxins released by P.
aeruginosa continue to cause inflammation and harm even
after the bacteremia has been treated with antibiotic, which
makes infections by P. aeruginosa life-threatening [14].

One of the mechanisms of manifesting resistance to
antibacterial agents is the acquisition of efflux pumps that
extrude the antibacterial agent from the cell before it can
reach its target site of action [4]. However, multidrug resis-
tance is usually a combination of resistance mechanisms. The
action of efflux pumps is specially noted among P. aeruginosa
clinical strains. The efflux pumps prevent accumulation of
drugs within the bacterium from achieving bactericidal or
bacteriostatic concentrations at the target sites. The efflux
pumps often work in synergism with limited permeability of
the P aeruginosa outer membrane to produce resistance to
B-lactams, fluoroquinolones, tetracycline, chloramphenicol,
macrolides, and aminoglycosides [15]. Analysis of S. aureus
isolates that were resistant to antibacterial agents and were
causing nosocomial infections revealed that these strains
contained plasmids coding for transporters. These resis-
tance mechanisms have been attributed to the occurrence
of strains like methicillin resistant Staphylococcus aureus
(MRSA) which is resistant to methicillin, tetracycline, chlo-
ramphenicol, and aminoglycosides [16]. MRSA is a major
source of hospital-acquired infections and old antibiotics like
vancomycin are now being used for treatment of MRSA infec-
tions despite their unfavorable side effects. The incidence of
MRSA continues to increase globally and poses enormous
therapeutic problems [17].

International Journal of Medicinal Chemistry

The worldwide escalation in both community- and
hospital-acquired antimicrobial bacteria is threatening the
effective treatment of patients, emphasizing the need for
continued surveillance, prudent infection control, and new
treatment alternatives [17]. Antibiotic resistant bacteria are
increasingly prevalent and new antimicrobials are needed
to control these pathogens yet development of resistance is
unavoidable as it is a pivotal aspect of microbial evolution
[1]. Thus, there is an urgent need for development of novel
antibacterial products that act on molecular targets that act
against bacterial resistance mechanisms.

Herbal medicine use employed either in traditional
medicine practice or complementary and alternative
medicine (CAM) is popular for 80% percent of the world in
Asia, Latin America, and Africa and is reported to have min-
imal side effects [18]. Furthermore, with concerns of rising
costs of drug development, plants have turned out to be some
of the most cost-effective and most affordable alternative
sources of drugs [19]. Vernonia adoensis is an herbaceous
plant of the Asteraceae family, which is indigenous and com-
monly distributed throughout Zimbabwe, where it is locally
known in vernacular Shona language as Musikavakadzi [20].
Its habitat is commonly Miombo woodlands and wooded
grassland especially near streams [20, 21]. This plant has
been traditionally used in African ethnomedicine for the
treatment of fever and upper respiratory tract infections
and currently for TB in traditional medicine practice [22].
Callistemon citrinus, commonly known as Bottlebrush, is a
woody shrub widely distributed in the temperate regions,
notably Australia particularly on the east and southwest
coasts, South America, and tropical Asia, and, thus, is exotic
to Zimbabwe [23]. The different parts of this herb have been
used in folk medicine as a common remedy for treatment of
diarrhea, dysentery, rheumatism, and antibronchitis [23].

Herbal preparations are now readily available as over-the-
counter products with numerous medical claims, some of
whose scientific proof remains lacking. It is, therefore, essen-
tial that, as herbal medicine use is increasingly becoming
popular, scientific research is fundamental to back up such
uses and medical claims and allay fears of potential herb-
drug interactions with conventional medicines. Promising
results from work on crude extracts have shown the potential
for antibacterial activity from these two plants [24] and,
hence, the need to evaluate the alkaloid extracts with a
view to understanding the mechanisms of action needed to
thwart the effect of both hospital- and community-acquired
multidrug resistant organisms.

The main objective was to evaluate alkaloid extracts
isolated from C. citrinus and V. adoensis for activity against
S. aureus and P. aeruginosa.

2. Materials and Methods

2.1. Plant Material and Preparation of Extracts. Plants were
collected from Mashonaland Central for Vernonia adoensis
(Centenary: 16.8000° S, 31.1167° E), and Harare for Calliste-
mon citrinus (University of Zimbabwe: 17.7840° S, 31.0530° E)
on the basis of indigenous knowledge uses. The leaf samples
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Cl1 E7 (Vernonia adoensis) and UZ2 E7 (Callistemon citri-
nus) were authenticated by a taxonomist, Mr. Christopher
Chapano of the National Herbarium and Botanic Gardens,
Harare, Zimbabwe. Preparation of plant extracts was as
described by Chitemerere and Mukanganyama [25]. Leaves
of Callistemon citrinus and Vernonia adoensis were separately
predried in a Labcon orbital incubator (Labotec Co., Cape
Town, S. A.) at 50°C. The leaves were then separately ground
in a two-speed blender (BL2, ABB, Moulinex, France).
Approximately 5g of Callistemon citrinus and Vernonia
adoensis comminuted leaf samples were mixed with 15 mL
and 20 mL of 10% v/v ammonia solution, respectively. Extrac-
tion was done with 30 mL and 50 mL ethanol for Callistermon
citrinus and Vernonia adoensis samples, respectively, ina 40°C
water bath for 10 minutes. A Whatman filter paper number
1 was used for filtration into separately labeled 50 mL falcon
tubes. Ethanol was left to evaporate in an incubator at 50°C
for 48 hours. A constant dry weight of each plant alkaloidal
extract was obtained.

2.2. Microorganisms, Growth Conditions, Resuscitation, and
Standardization. A 1L broth medium was prepared by dis-
solving 15¢g tryptone, 3g yeast, 6¢g sodium, and 1g glu-
cose in 1L of hot distilled water and poured in a 1L
glass jar. The broth medium was sterilised in an autoclave
machine (Accu Steriliser, VWR Scientific products Co.,
USA). Staphylococcus aureus (ATCC 9144) and Pseudomonas
aeruginosa (ATCC 27853) were obtained from the Division
of Microbiology, Department of Biological Sciences at the
University of Botswana. The strains were maintained as stock
strains in 50% glycerol in Eppendorf microtubes and kept
at —33°C until resuscitation. Approximately 20 mL of the
broth was inoculated with 25 uL of Staphylococcus aureus and
Pseudomonas aeruginosa each in its own falcon tube. The
inoculated bacteria were incubated for 24 hours at 37°C in a
Lab-Companion incubator (SI300 Incubated shaker, Jeiotech,
Korea). Standardization of the bacterial cultures was done
and bacterial broth cultures of 1 x 10° cfu/mL for both P
aeruginosa and S. aureus were made.

2.3. Antibacterial Susceptibility Tests. The alkaloid extracts
of Callistemon citrinus and Vernonia adoensis made up to a
concentration of 25 mg/mL were separately applied to 96-well
plates in 20 uL volumes so as to expose the test cell cultures
with 500 pug (1.67 mg/mL) of extracts in each well. Staphylo-
coccus aureus and Pseudomonas aeruginosa at a concentration
of 1 x 10° cfu/mL and broth media were diluted into the 96-
well microplate wells. Each well was made to contain a total
of 300 uL. A positive control containing ampicillin was also
set up in which 500 yg was applied in each well containing
media and bacterial broth culture. Relevant negative controls
containing the media only or the media with extract were
also set up. Preincubation absorption measurements were
determined using a microplate reader (SpectraMax Plus384,
Molecular Devices Co. USA) at 600 nm. Postincubation cell
density measurements were also determined after incubation
at 37°C in a Lab-Companion incubator for 24h (SI300
Incubated shaker, Jeiotech Co., Korea).

2.4. Minimum Inhibitory and Minimum Bactericidal Con-
centration Determination. MIC and MBCs were also deter-
mined for the alkaloids. The alkaloid extracts were then
separately serially diluted twofold from 1.67 mg/mL to
0.0032 mg/mL in a 96-well polystyrene microplate to obtain
10 dilution concentrations. In a separate 96-well microplate,
20 uL of each dilution was sequentially added in triplicate
into wells. Broth cultures of S. aureus and P. aeruginosa
(1 x 10° cfu/mL) were then separately added to the wells
in 100 uL volumes, each species in its own microplate
after which 180 yL broth media were added to the well to
obtain a total volume of 300 uL in each well. Rows of wells
with broth media containing 100 uL of cell cultures were
used as positive control; also controls of media containing
extract only and extract-free broth media were also used
as negative controls in each well. Preincubation absorbance
values were read from a microplate reader (SpectraMax
Plus384 Absorbance Microplate Reader, Molecular Devices
Co., USA). The microplates were then incubated at 37°C in a
Lab-Companion incubator (SI300 Incubated shaker, Jeiotech
Co., Korea) for 24 h; thereafter, absorbance values were read
and recorded. MTT was used to identify the MIC values in
the well where the purple colouration was the least visible in
each test row. The experiment was performed in triplicate.

2.5. Drug Efflux and Accumulation Using Rhodamine 6G.
S. aureus and P. aeruginosa were grown in two separate
culture flasks overnight at 37°C with shaking at 120 rpm in
a an incubator. The bacterial cultures were then poured into
50mL centrifuge tubes and centrifuged using a centrifuge
machine (MSE Minor 35, MSE Ltd., England) at 3 000 rpm
for ten minutes and the supernatant was discarded. The pellet
was washed twice with phosphate buffered saline (PBS) and
resuspended in the buffer. The resuspended cells were poured
in preweighed centrifuge tubes and spun again at 4 000 rpm
for 5 minutes. The supernatant was decanted and the cells
were washed again in PBS, before being centrifuged again at
4000 rpm for 5 minutes. The supernatant was decanted and
the pellet was weighed. The pellets, both of S. aureus and P.
aeruginosa, were suspended at 40 mg/mL in PBS containing
10 mM sodium azide (NaN;). Rhodamine 6G was immedi-
ately added to a final concentration of 10 4uM and incubated
the cells with 90 rpm agitation for 1h in a Lab-Companion
incubator (SI300 Incubated shaker, Jeiotech Co., Korea). The
tubes were then divided into two centrifuge tubes in the ratio
1:3, to give tube A and tube B of each of the two species.
The tubes were then centrifuged at 4000rpm for 5
minutes Centronic SP Selecta centrifuge (Barcelona, Spain).
The supernatant was discarded and cells from tube A of
each of the two bacterial species were resuspended in PBS
alone at 40 mg/mL. Cells from tube B of each of the two
species were resuspended in PBS containing 1M glucose.
The cells of tube B of both bacteria were then divided into
5mL portions in 8 different falcon tubes; of them, two tubes
separately for glucose only, glucose + reserpine, glucose +
C. citrinus alkaloid extracts, glucose + V. adoensis alkaloid
extracts, and cells from tube A were divided into two 5mL
portions. This was done for each of the pellets from S. aureus



Staphylococcus aureus
0.4 Py

P < 0.0001

0.2+

0.0

Absorbance (600 nm)

T

3k 3k 3k

-0.2

T T
Callistemon Vernonia

T
Ampicillin list i
citrinus adoensis

T
Cells

Samples

Absorbance (600 nm)

International Journal of Medicinal Chemistry

Pseudomonas aeruginosa
1.0

P < 0.0001

0.8 —

0.6

0.4 -

0.2 -

* %k %k
——

* %k

0.0

Vernonia

T
Callistemon
itri adoensis

citrinus

T
Ampicillin

Samples

F1GURE 1: The effect of ampicillin, C. citrinus, and V. adoensis alkaloids on growth of S. aureus and P. aeruginosa. Concentrations of 1.67 mg/mL
and 1 x 10° cfu/mL of the extract and bacteria, respectively, were used. Values are expressed as mean absorbance at 600 nm wavelength +

standard deviation (n = 8).

and P. aeruginosa. To tubes marked glucose + reserpine,
reserpine was added to a final concentration of 61 ug/mL
and the alkaloids added to their respective tubes to a final
concentration of 61 ug/mL. The centrifuge tubes were mixed
by shaking on a Vortex mixer (Thermolyne Maxi Mix II,
IOWA, USA) and placed in a shaking incubator (SI300 Lab-
companion Co., Korea) at 37°C for 30 minutes at 90 rpm.
After 30 minutes, the tubes were centrifuged at 4 000 rpm for
10 minutes in a Rotofix 32 centrifuge (Hettich, Zentrifugen,
Germany) and the supernatant was collected to quantitate
the amount R6G pumped out from the cell. The pellet in
each tube was lysed by resuspending in 5mL 3M glycine
pH 3. The tubes were mixed by shaking on a vortex mixer
and then incubated with shaking for 24h at 37°C. The
mixture was centrifuged at 4 000 rpm for 10 minutes and the
supernatant was collected and quantified for the amount of
R6G that was accumulated in the cells. R6G was determined
from the samples using a standard R6G calibration curve
after determining the absorbance in 96-well microplates,
at 527 nm, using a microplate reader (SpectraMax Plus384,
Molecular Devices Co., USA).

2.6. Statistical Analysis. Data analyses were performed using
GraphPad Instat software (GraphPad Prism Inc., San Diego,
CA, USA). Levels of significance were determined using
ANOVA using Dunnett’s posttest where all columns of treat-
ments were compared to the control. All data were expressed
as mean + standard deviation. P < 0.05 values or less were
considered to indicate statistically significant difference.

3. Results

3.1. Antibacterial Susceptibility. The effects of C. citrinus and
V. adoensis extracts on bacterial species were determined
by measuring preincubation and postincubation absorbance
readings at 600 nm. At an initial screening concentration of
1.67 mg/mL, both alkaloids from C. citrinus and V. adoensis

TABLE 1: A summary table for the minimum inhibitory concentra-
tion (MIC) and minimum bactericidal concentration (MIC) assays.

Bacteria G+/G-  Alkaloid extract MIC MBC
(mg/mL)  (mg/mL)
S aureus Gt Callistemon citrinus ~ 0.0025 0.835
Vernonia adoensis 0.21 —
. Callistemon citrinus 0.21 —
P. aeruginosa G-
Vernonia adoensis 0.42 —

inhibited bacterial growth significantly (P < 0.001, Figure 1).
C. citrinus alkaloids were the most potent in inhibiting
growth of P. aeruginosa with the mean absorbance for the
cells exposed to this extract being 0.023 AU whilst that
of V. adoensis alkaloids had 0.125AU. Ampicillin as was
expected almost killed all the cells in the positive controls as
the recorded mean absorbance was 0.0062 AU. Generally, P.
aeruginosa was less susceptible to the antibacterial effect of
the alkaloids and ampicillin as compared to S. aureus.

3.2. Determination of MIC and MBCs. The MIC was identi-
fied for the well in which there was the least visible MTT color.
The extracts from C. citrinus were the most potent with the
lowest MIC of 0.025 mg/mL against S. aureus and 0.21 mg/mL
against P. aeruginosa. The least potent extracts were those
from V. adoensis, the MIC being 0.21 mg/mL against S. aureus.
C. citrinus extracts only had a bactericidal action against S.
aureus only with an MBC of 0.835 mg/mL (Table 1) whereas
the MBC for ampicillin was 0.008 mg/mL [25]. Alkaloids
from C. citrinus and V. adoensis had bacteriostatic effect
against both bacterial species.

3.3. Drug Accumulation Assay. The effects of the extracts on
drug accumulation were determined using Rhodamine 6G,
a fluorescent dye that is actively pumped out by the ATP-
dependent efflux pumps of both species of bacteria in this
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FIGURE 2: The accumulation of Rhodamine 6G over time. The graphs are a plot of Rhodamine 6G concentration inside the cells after 30
minutes of incubation against the sample used (plant alkaloid or reserpine). Glucose was used as positive control to provide a baseline increase
in accumulation and as energy for the ATP-dependent efflux pumps. Error bars denote the standard deviations from the mean (n = 4).

TABLE 2: A summary table for the concentration of R6G that
accumulated in the bacterial cells after exposure to the extracts.

Bacteria Glucose Reserpine  C. citrinus V. adoensis
0.30 + 0.16 £
S.aureus  0.14 +0.004 0'3(31;—“58/'?08 0.0006 0.002
’ (114%) (14%)
0524003 031+001  O016%
P. aeruginosa 0.14 £ 0.003 ="~ * IR 0.005
(271%) (121%) (14%)

0

Values are expressed as mean (uM) + standard deviation (n = 4) and values
in parenthesis represent the percentages increases in accumulation from the
control (glucose only).

study [26]. The highest accumulation of Rhodamine 6G was
by C. citrinus alkaloids against P. aeruginosa which was 121%
increase from the glucose only control. S. aureus was shown
to be less susceptible to efflux pump inhibition as an increase
in accumulation of 114% was obtained. For V. adoensis, less
inhibitory activity was noted with only 14% increases in
accumulation from the control. Thus, C. citrinus alkaloids
inhibited efflux pumps to a greater extent as compared to V.
adoensis alkaloids. Interestingly, P. aeruginosa proved to be
more susceptible to efflux pump inhibition than S. aureus as
the standard inhibitor reserpine’s activity was more notable
against P aeruginosa than against S. aureus (Figure 2 and
Table 2).

4. Discussion

The search for antimicrobial compounds for the benefit of
humanity is necessitated by the inherent ability of pathogens

to develop and adopt mechanisms of resistance against
antibiotics. Potentially harmful side effects associated with
use of new chemical entities synthesized artificially and the
unsustainably high costs of drug development are slowly
shifting the focus to plant derived phytochemicals of medic-
inal significance [27]. Coformulation of naturally sourced
antimicrobial adjuvants like efflux pump inhibitors with old
and new generation antibiotics remains a novel mechanism
of countering antimicrobial resistance.

The effects of C. citrinus and V. adoensis extracts were
determined by carrying out antibacterial susceptibility
tests, minimum inhibitory concentration (MIC), and mini-
mum bactericidal concentration (MBC) determinations. The
antibacterial susceptibility tests showed that the alkaloid
extract had potent antibacterial properties. Results from this
study showed S. aureus to be more susceptible to both
alkaloid extracts than P. aeruginosa which was expected as
previous studies confirm that Gram-positive strains are more
sensitive to malicious xenobiotics than Gram-negative bac-
teria [8]. V. adoensis alkaloid extract also showed significant
antibacterial activity second to C. citrinus. Similar margins of
inhibition were obtained by Aliyu et al. [17] when chloroform
fractions of Vernonia species were tested against methicillin
resistant S. aureus (MRSA) and Gram-negative bacteria as
well. Chloroform and ethanol extracts of C. citrinus were
found to be active against both S. aureus and P. aeruginosa
and other bacteria like E. coli and S. typhi via disc diffusion
methods [28, 29]. Although the extracts used were crude,
alkaloids have been found to be present in the chloroform
and ethanol solvents of extraction [29]. In this regard, the
alkaloid extract of C. citrinus and V. adoensis might have
broad spectrum activity since they exhibited activity against
both Gram-positive and Gram-negative bacteria.



The MIC and MBC assay confirmed that alkaloids form C.
citrinus were more potent extracts against S. aureus which had
an MIC value of 0.0025 mg/mL and an MBC of 0.835 mg/mL.
The MBC of ampicillin was 0.008 mg/mL [25]; hence, the
activity of the alkaloids is far outweighed by the standard
antibiotic. V. adoensis alkaloids were least potent with MIC
of 0.42 mg/mL and 0.21mg/mL against P. aeruginosa and S.
aureus, respectively. Bactericidal effects were shown by C.
citrinus alkaloids against S. aureus only (Table 1). A bacterio-
static effect against P. aeruginosa by all plant alkaloid extracts
could be due to the pathogen’s thick outer membrane that
is highly hydrophobic and possibly provided a permeability
barrier to the extract [25]. This bacterium is generally less
sensitive to antimicrobials [8]. In a previous study by Krishna
et al. [29], chloroform extracts of alkaloids from C. citrinus
were found to be inhibitors of growth in bacteria. MIC values
obtained for the Gram-positive (B. subtilis and B. pumilis)
and Gram-negative bacteria (E. coli) were less than that of
streptomycin, the standard antibiotic used in that study.

ATP-dependent efflux pumps are one of the main mecha-
nisms of preventing accumulation of effective concentrations
of antibiotics at molecular target sites inside the bacterial cell.
The major efflux pump systems studied in Gram-negative
strains like P aeruginosa are MexXY-OprM or MexCD-
OprJ which have been associated with acquired multidrug
resistance [15, 16]. In Gram-positive bacteria such as S. aureus
transporters of the Major Facilitator superfamily (MES),
QacA, QacB, NorA, and NorB were found in strains causing
hospital-acquired infections and conferring resistance to
fluoroquinolones and puromycin [16]. Inhibition of efflux
pumps is a plausible mechanism that can be employed to
effectively combat the consequences of resistance. Inhibition
of efflux pumps was also found to decrease the MICs for
both antibiotic susceptible and resistant bacteria and reversed
acquired resistance among selected P. aeruginosa strains [30].
The alkaloids extract from both plants was able to cause
accumulation of Rhodamine 6G in the cells of S. aureus
and P, aeruginosa. However, C. citrinus alkaloids were potent
inhibitors compared to alkaloids from V. adoensis and caused
141% and 121% increases in accumulation of R6G in S. aureus
and P. aeruginosa, respectively. V. adoensis alkaloid extracts
only managed to make the cells accumulate only a 14%
increase in the two bacterial species. Previous work on efflux
pump activity revealed V. adoensis crude extracts to be more
active in inhibiting S. aureus than C. citrinus [25]; in light of
the results of this present study, such activity of V. adoensis
might have been due to other phytoconstituents present in
the crude extracts. The greatest accumulation of R6G was
caused by exposure of cells to C. citrinus alkaloids against P,
aeruginosa. These results are in agreement with the work of
Chitemerere and Mukanganyama [25] in which C. citrinus
crude extracts caused the most significant accumulation in
P aeruginosa as well. Therefore, P. aeruginosa was more
sensitive to efflux pump inhibition by phytoconstituents than
Gram-positive microbes, although this bacterium was less
sensitive to growth inhibition. This is an unexpected finding
which was also observed with crude extracts that exhibited
significant inhibition of 64-100% of drug accumulation of
Rhodamine 6G in P, aeruginosa cell [25].
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It is important to identify the agents that block efflux of
drugs from within the bacteria as they are potential sources
of adjuvants in coformulations with conventional antibiotics
[31]. A clinical example is the successful coformulation of
clavulanic acid, a penicillinase inhibitor, with amoxicillin, an
old conventional beta-lactam antibiotic in the coamoxiclav
generic. In vitro studies of synergistic effects of combina-
tions of an MDR pump inhibitor and other antimicrobial
phytoconstituents as well as conventional antibiotics have
been noted with significant results [8]. Previous studies have
already proved the effectiveness of C. citrinus extract for in
vitro antibacterial activity [28, 29, 32].

In conclusion, the alkaloid extracts from C. citrinus and
V. adoensis have shown some antibacterial activity on S.
aureus and P. aeruginosa. The C. citrinus alkaloid extract
showed more potent growth inhibitory activity than that
from V. adoensis with some bactericidal effects. However,
activity from the extracts was far much less compared to
ampicillin. P. aeruginosa was most susceptible to efflux pump
inhibition by alkaloids extracted from C. citrinus which also
caused notable accumulation in S. aureus. The demonstration
of P aeruginosa as being more susceptible to efflux pump
inhibition means that formulations of medicinal products
with EPI activity may have potential acceptable efficacy
against this bacterial species. Further work needs to be
done to isolate the specific chemicals that have antibacterial
activity.

Abbreviations

CFU:  Colony forming units

DMSO: Dimethyl sulfoxide

MIC:  Minimum inhibitory concentration
MBC: Minimum bactericidal concentration.

Disclaimer

The authors alone are responsible for the content and writing
of the paper.

Conflict of Interests

The authors report no conflict of interests.

Acknowledgments

This study was sponsored by the International Foundation
in Sciences (IFS), Stockholm, Sweden, Grant no. F/3413-
03E. Support from the International Science Programs (ISP)
through the International Program in the Chemical Sciences
(IPICS: ZIMO1), Uppsala University, Uppsala, Sweden, and
the University of Zimbabwe Research Board (Harare, Zim-
babwe) is also acknowledged.

References

[1] M. Simoes, L. C. Simoes, and M. Lemos, “Phytochemicals
against drug-resistant microbes,” in Dietary Phytochemicals and
Microbes, pp. 185-205, Springer, Berlin, Germany, 2012.



International Journal of Medicinal Chemistry

(2]

(10]

(11]

(12]

(13]

(14]

(16]

(17]

N. Ara, M. H. Nur, M. S. Amran, M. I. I. Wahid, and M. Ahmed,
“In vitro antimicrobial and cytotoxic activities of leaves and
flowers extracts from Lippia alba,” Pakistan Journal of Biological
Sciences, vol. 12, no. 1, pp. 87-90, 2009.

M. A. AL-Bari, M. A. Sayeed, M. S. Rahman, and M. A.
Mossadik, “Characterisation and antimicrobial activities of a
phenolic acid derivative produced by Streptomyces bangladesh-
iensis a novel species collected in Bangladesh,” Research Journal
of Medicine and Medical Sciences, vol. 1, pp. 77-81, 2006.

F. C. Tenover, “Mechanisms of antimicrobial resistance in
bacteria,” The American Journal of Medicine, vol. 119, no. 6, pp.
$3-S10, 2006.

J. W. Peterson, “Bacterial pathogenesis,” in Medical Micro-
biology, S. Baron, Ed., University of Texas Medical Branch,
Galveston, Tex, USA, 4th edition, 1996.

H.-J. Wu, A. H.-J. Wang, and M. P. Jennings, “Discovery of
virulence factors of pathogenic bacteria,” Current Opinion in
Chemical Biology, vol. 12, no. 1, pp. 93-101, 2008.

A. Resch, S. Leicht, M. Saric et al., “Comparative proteome
analysis of Staphylococcus aureus biofilm and planktonic cells
and correlation with transcriptome profiling,” Proteomics, vol.
6, no. 6, pp. 1867-1877, 2006.

M. Stavri, L. J. V. Piddock, and S. Gibbons, “Bacterial efflux
pump inhibitors from natural sources,” Journal of Antimicrobial
Chemotherapy, vol. 59, no. 6, pp. 1247-1260, 2007.

D. L. Stevens, A. L. Bisno, H. E Chambers et al., “Practice
guidelines for the diagnosis and management of skin and soft-
tissue infections,” Clinical Infectious Diseases, vol. 41, no. 10, pp.
1373-1406, 2005.

C. P. Davis, “Normal flora in medical microbiology,” in Normal
Flora in Medical Microbiology, S. Baron, Ed., University of Texas
Medical Branch, Galveston, Tex, USA, 1996.

J. Bowersox, Experimental Staph Vaccine Broadly Protective in
Animal Studies, National Institutes of Health, Bethesda, Md,
USA, 1999.

J. Lederberg, “Pseudomonas;” in Encyclopedia of Microbiology,
vol. 3, pp. 876-891, Academic Press, San Diego, Calif, USA, 2nd
edition, 2000.

K. Botzenhardt and G. Doring, “Ecology and epidemiology of
Pseudomonas aeruginosa,’ in Pseudomonas aeruginosa as an
Opportunistic Pathogen, Infectious Agents and Pathogenesis,
pp- 1-7, Springer, Berlin, Germany, 1993.

R. T. Irvin, “Attachment and colonization of Pseudomonas
aeruginosa: role of the surface structures,” in Pseudomonas
aeruginosa As an Opportunistic Pathogen, Infectious Agents and
Pathogenesis, pp. 19-42, Springer, New York, NY, USA, 1993.

H. P. Schweizer, “Efflux as a mechanism of resistance to
antimicrobials in Pseudomonas aeruginosa and related bacteria:
unanswered questions,” Genetics and Molecular Research, vol. 2,
no. 1, pp. 48-62, 2003.

H. Nikaido, “Multidrug resistance in bacteria,” Annual Review
of Biochemistry, vol. 78, pp. 119-146, 2009.

A. B. Aliyu, A. M. Musa, M. S. Abdullahi, H. Ibrahim, and A.
O. Oyewale, “Phytochemical screening and antibacterial activ-
ities of Vernonia ambigua, Vernonia blumeoides and Vernonia
oocephala (asteraceae);” Acta Poloniae Pharmaceutica—Drug
Research, vol. 68, no. 1, pp. 67-73, 2011.

J. H. Doughari, “Antimicrobial Activity of Tamarindus indica
Linn,” Tropical Journal of Pharmaceutical Research, vol. 5, no.
2, pp. 597-603, 2007,

(19]

(20]

(21]

(22]

(25]

[26]

[27

(31]

T.Ibrahim, L. Ajala, E Adetuyi, and B. Jude-Ojei, “Assessment of
the antibacterial activity of Vernonia amygdalina and Occimum
gratissimum leaves on selected food borne pathogens,” The
Internet Journal of Third World Medicine, vol. 8, no. 2, pp. 1-3,
2009.

M. A. Hyde, B. T. Wursten, and P. Ballings, “Flora of Zimbabwe:
Species Information: Vernonia adoensis; September 2012,
http://www.zimbabweflora.co.zw/speciesdata/species.php?spe-
cies_id=164380.

H. Pickering and E. Roe, Wild Flowers of the Victoria Falls Area,
vol. 41, 2009.

D. P. Kisangau, K. M. Hosea, C. C. Joseph, and H. V. M.
Lyaruu, “In vitro antimicrobial assay of plants used in traditional
medicine in Bukoba rural district, Tanzania,” African Journal of
Traditional, Complementary and Alternative Medicines, vol. 4,
no. 4, pp. 510-523, 2007.

I. E. Cock, “Antimicrobial activity of Callistemon citrinus
and Callistemon salignus methanolic extracts,” Pharmacognosy
Communications, vol. 2, no. 3, pp. 50-57, 2012.

Z. M. Mohamed, M. Z. M. Salema, H. M. Alib, N. A. El-
Shanhoreyc, and A. A. Abdel-Megeed, “Evaluation of extracts
and essential oil from Callistemon viminalis leaves: antibacterial
and antioxidant activities, total phenolic and flavonoid con-
tents,” Asian Pacific Journal of Tropical Medicine, vol. 6, no. 10,
pp. 785-791, 2013.

T. A. Chitemerere and S. Mukanganyama, “In-vitro antibacterial
activity of selected medicinal plants from Zimbabwe,” African
Journal of Plant Science and Biotechnology, vol. 5, pp. 1-7, 2011.
S. Maesaki, P. Marichal, H. V. Bossche, D. Sanglard, and S.
Kohno, “Rhodamine 6G efflux for the detection of CDRI-
overexpressing azole-resistant Candida albicans strains,” Jour-
nal of Antimicrobial Chemotherapy, vol. 44, no. 1, pp. 27-31,1999.
E. N. Scott, A. J. Gescher, W. P. Steward, and K. Brown, “Devel-
opment of dietary phytochemical chemopreventive agents:
biomarkers and choice of dose for early clinical trials,” Cancer
Prevention Research, vol. 2, no. 6, pp. 525-530, 2009.

S. M. Seyydnejad, M. Niknejad, I. Darabpoor, and H.
Motamedi, “Antibacterial activity of hydroalcoholic extract of
Callistemon citrinus and Albizia lebbeck;” American Journal of
Applied Sciences, vol. 7, no. 1, pp. 13-16, 2010.

K. V. V. S. Krishna, G. Surendra, M. Anjana, and K. S. K.
Nagini, “Phytochemical screening and antimicrobial activity of
Callistemon citrinus (L.) leaves extracts,” International Journal of
Pharmaceutical and Technology Research, vol. 4, no. 2, pp. 700—-
704, 2012.

O. Lomovskaya, A. Lee, K. Hoshino et al., “Use of a genetic
approach to evaluate the consequences of inhibition of efflux
pumps in Pseudomonas aeruginosa,’” Antimicrobial Agents and
Chemotherapy, vol. 43, no. 6, pp. 1340-1346, 1999.

Y. C. Fiamegos, P. L. Kastritis, V. Exarchou et al., “Antimicrobial
and efflux pump inhibitory activity of caffeoylquinic acids
from Artemisia absinthium against gram-positive pathogenic
bacteria,” PLoS ONE, vol. 6, no. 4, Article ID €18127, 2011.

P. R. Shinde, P. S. Patil, and V. A. Bairagi, “Pharmacognostic,
phytochemical properties and antibacterial activity of Calliste-
mon citrinus viminalis leaves and stems,” International Journal
of Pharmacy and Pharmaceutical Sciences, vol. 4, no. 4, pp. 406-
408, 2012.



International Journal of

Medicinal Chemistry

International Journal of

Carbohydrat
Chemistry

The Scientific
V\(orld Journal

Organic Chemistry
International

International Journal of

Analytical Chemistry

-

-

Advances in

Physical Chemistry

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Journal of

Spectroscopy

Journal of

Theoretical Chemistry

International Journal of

Inorganic Chemistry

International Journal of

Electrochemistry

Journal of

Applied Chemistry

Chromatography
Research International

Chemistry

Journal of ¥ .
Quantum Chemistry

I &
c &:&/ W,
-
9
Journal of
Analytical Methods
in Chemistry




