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A B S T R A C T

Scientific research into developing new antimicrobials from plants continues to be an interesting area for many
scientists. This is because the resistance of microorganisms to anti-infective agents has affected a wide range of
conditions, some of which are life-threatening. This study aimed to investigate the antimicrobial properties of
Cnestis ferruginea (CF). Powdered roots of Cnestis ferruginea were extracted with petroleum ether (CFP), ethyl
acetate (CFE) and methanol (CFM). The antimicrobial and microbial resistance modifying activity profiles of the
extracts were studied against Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 4853, Staphylococcus
aureus ATCC 25923, clinical strains of Methicillin-Resistant Staphylococcus aureus, Streptococcus pyogenes, Klebsiella
pneumonia, Staphylococcus epidermidis, Proteus mirabilis and Candida albicans. CFP and CFE showed no activity
against the test organisms. CFM had mean zones of growth inhibition in the range of 11.0 � 0.5 to 22.17 � 0.24
mm against the test organisms. The MIC of CFM was within the range of 0.31 and 5.0 mg/mL, with MBC/MFC
range of 2.5–20.0 mg/mL. The time-kill kinetics studies showed CFM is a static agent. At sub-inhibitory con-
centrations, CFM was able to increase the susceptibility of the test organisms to standard antibiotics from the
range of 1–8 folds. CFM reduced the formation of biofilms from 100% to 56.59%, 62.33%, 65.89% and 71.88%
against K. pneumonia, S. aureus, E. coli and P. aeruginosa, respectively. The findings of this study show that
C. ferruginea possesses antimicrobial activity and therefore gives credence to its folkloric use.
1. Introduction

Man has exploited different parts of plants in managing and pre-
venting various ailments before the advent of chemotherapeutic assays
[1]. History has it that, our ancestors discovered the healing prowess of
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medicinal plants through trial and error. The use of medicinal plants for
therapy therefore is based on the verifiable findings from over a hundred
years ago [2]. Majority of plant-based drugs came into existence through
the isolation of the pharmacologically active agents [3]. These researches
have led to the better management of some infections and ailments
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through the novelty of isolated compounds which have been developed
into various medications such as strychnine, aspirin and taxol [4]. Again,
it is worth mentioning that diseases that arise from microbial infections
often cause disabilities, mortality and adverse socio-economic effects on
people [5]. Therefore, many types of research are still ongoing as the
quest for new and effective antibiotics continues to be of interest to sci-
entists [6].

Statistically, about 75–80% of the population in many developing
countries still uses Herbal medicine. Also, the last few years have expe-
rienced a major rise in the use of medicinal plants for therapy in devel-
oped countries [4]. Their use in primary health care is often based on its
easy availability and because they are of better cultural acceptability
with fewer side effects [7]. They are often cheap or obtained free of any
charges [4]. Above all, plants are biodegradable, easy to handle and
generally safe for humans and their surroundings [8].

Over several years of antibiotic existence, the misuse and inappro-
priate dosing have led to the microorganisms, becoming resistant to the
once effective agents. This adaptation by the microorganisms has been
achieved by several mechanisms of resistance [9]. The resistance of mi-
croorganisms to existing antibiotics has increased in recent times and has
necessitated an increase in scientific researches into finding new anti-
biotics and modifying the existing antibiotics [10].

Cnestis ferruginea Vahl ex DC. is a widely distributed perennial shrub
which is found across the savannah region of tropical West Africa. It has a
typical height of about 3.0–3.6 m. It has pinnate leaves and reddish-
brown fruits. The plant flowers between January to March [11]. The
roots of C. ferruginea is used as a laxative, aphrodisiac, remedy to ovarian
disorders, abortion complications, treatment for some skin infections,
sore throat, migraines and sinusitis [12]. It is used in combination with
other plants in a decoction in the management of gonorrhoea, joint and
waist pains, arthritis, rheumatism, stroke and syphilis by herbalists in
Eastern Nigeria [13]. Biological and pharmacological activities of the
plant include anti-inflammatory and anti-nociceptive properties [14],
antioxidant [15], hypoglycaemic [16], aphrodisiac [17], antimicrobial
[18] and laxative activities [19]. This study, therefore, seeks to explore
the antimicrobial properties of Cnestis ferruginea.

2. Materials and methods

2.1. Plant collection

Collection of the roots of C. ferruginea was conducted on the campus
of the University of Cape Coast, Ghana (Ghana post location: CC-140-
7474, William Amo road) in the Central Region of Ghana between
October and November, 2018. Herbarium specimen (KNUST/HM1/
2018/R005) was kept in the Department of Pharmacognosy, Faculty of
Pharmacy and Pharmaceutical Sciences, KNUST, Kumasi.

2.2. Preparation of extracts

The roots of C. ferruginea were washed with water and the bark,
scraped using a knife and dried between the temperatures of 28–35 �C for
two weeks. They were then cut out into pieces and powdered using a
mechanical grinder. Extraction took successive turns with petroleum
ether, ethyl acetate and methanol. Three hundred (300) grams of the
powdered root bark were weighed and 3 L of petroleum ether (Sigma-
Aldrich, London, UK) was added. This mixture was swirled and left to
stand at room temperature (25 �C) with intermittent shaking for 72 h.
The mixture was then filtered through Whatman filter papers (number 1)
(Sigma- Aldrich, Michigan, USA). The filtrate was evaporated to dryness
using a rotary evaporator (Rotavapor BUCHI R-200 with heating bath B-
490, Buchi, Konstanz, Germany) at 40 �C under reduced pressure. The
extract obtained was labelled and kept in a desiccator at 28 �C. The
residue was re-weighed and taken through the same extraction procedure
using ethyl acetate (Sigma- Aldrich, London, UK) as the next solvent for
extraction. The residue from the ethyl acetate extraction was further
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extracted with methanol (Sigma- Aldrich, London, UK) after drying. The
extracts obtained were named CFP (Cnestis ferruginea petroleum ether
extract), CFE (Cnestis ferruginea ethyl acetate extract) and CFM (Cnestis
ferruginea methanol extract). The percentage yield of extracts was then
calculated.

2.3. Determination of antimicrobial activity

2.3.1. Test organisms
Pure cultures of Escherichia coli ATCC 25922, Pseudomonas aeruginosa

ATCC 4853, Staphylococcus aureus ATCC 25923, clinical strains of
Methicillin-Resistant Staphylococcus aureus, Streptococcus pyogenes, Kleb-
siella pneumonia, Staphylococcus epidermidis, Proteus mirabilis and Candida
albicans were obtained from the Microbiology Section, Department of
Pharmaceutics, Faculty of Pharmacy and Pharmaceutical Sciences,
Kwame Nkrumah University of Science and Technology (KNUST),
Kumasi, Ghana, and kept on 20mL nutrient agar (Oxoid Ltd, Basingstoke,
UK) and sabouraud agar (Oxoid Ltd, Basingstoke, UK) slants and stored at
-4 �C. Before use, the organisms were sub-cultured aseptically on freshly
prepared nutrient agar and incubated for 24 h. The test organisms were
standardized to a 0.5 M McFarland for use in each experiment. The
identity of each test organism was confirmed using appropriate selective
media, morphological features and biochemical tests.

2.4. Determination of microbial susceptibility of CFP, CFE and CFM

The antimicrobial activities of the plant extracts (CFP, CFE and CFM)
were determined using the agar well diffusion method. Nutrient agar and
Sabouraud agar (Oxoid Limited, United Kingdom) were used. Molten
sterile agar (20 mL) was aseptically inoculated with 0.1 mL of a 24 h
suspension of the test organisms containing approximately 106 CFU/mL
and rolled in the palm to mix thoroughly. The seeded agar was then
aseptically transferred into sterile Petri dishes. After the agar was set,
cork borer No. 5 (diameter 10 mm) was flamed and used to bore four (4)
wells equidistant from each other. The wells were labelled and filled with
0.2 mL of 4 different concentrations (20, 10, 5 and 2.5 mg/mL) of the
plant extract. The diameter zones of growth inhibition (the area around
the well where no visible microbial growth was observed) were
measured using a millimetre rule after 24 h of incubation at 37 �C for
bacteria and 72 h at 28 �C for fungus. Ciprofloxacin in concentrations of
4, 2, 1 and 0.5 μg/mL, and ketoconazole in concentrations of 64, 32, 16
and 8 μg/mL were used as standard drugs. Tween 80 (Carl Roth GmbH,
Karlsruhe, Germany) was tested to rule out any antimicrobial activity or
contamination [20]. The above procedure was carried out in three
replicates.

2.5. Determination of minimum inhibitory concentrations (MICs) of CFM

The minimum inhibitory concentrations of CFP, CFE and CFM were
determined using the broth dilution method [21,22]. Ninety-six
(96)-well micro-titre plates (Bio-Tek Instruments GmbH, Germany)
were each filled with 100 μL of sterile double strength nutrient broth
(Oxoid Limited, United Kingdom). A concentration of 50 mg/mL of CFM
was prepared with sterile water. The same concentration was prepared
for CFP and CFE with sterile water and Tween 80. Aliquots from the stock
solutions ranging between 10 to 80 μL were added to the wells to achieve
a concentration range of 0.04–20 mg/mL. Appropriate volumes of water,
as well as an inoculum size of 20 μL (1.0 � 106 CFU/mL) of test organ-
isms, were added to appropriately labelled wells to make the final vol-
ume of 200 μL each. The plates were then incubated at 37 �C for 24 h.
Similarly, stock concentrations were prepared for ketoconazole, cipro-
floxacin, amoxicillin, clarithromycin and tetracycline. Aliquots between
10 and 80 μL were added to their respective wells with appropriate
volumes of water where necessary to achieve concentrations in the
ranges of 64 to 0.50 μg/mL for ketoconazole, 4 to 0.01 μg/mL for cip-
rofloxacin, and 80 to 0.04 mg/mL for amoxicillin, tetracycline and
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clarithromycin. After incubation, 20 μL (1.25 mg/mL) of 3-(4, 5-dime-
thylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) was added to
each well and incubated again at 37 �C for 30 min. The appearance of a
purple colour after incubation indicated growth in the wells. The MIC
was determined as the lowest concentration of the extract that inhibited
growth [20]. The experiment was carried out in three replicates.

2.6. Determination of minimum bactericidal and fungicidal concentrations
of CFM

The procedure for determiningMICs was used in this study. However,
after incubation, aliquots of 100 μL were pipetted out of the various wells
and inoculated into freshly prepared 1 mL Mueller- Hinton broth. They
were labelled and incubated at 37 �C for another 24 h. The minimum
bactericidal concentration (MBC) andminimum fungicidal concentration
(MFC) of the extracts were determined as the least concentration of the
extract which produced no purple colour after the addition of 20 μL of
MTT followed by incubation at 37 �C for 30 min. The experiment was
carried out in three replicates [20].

2.7. Microbial resistance modifying activity of CFM

The micro-dilution method was used [22]. The MICs of the various
antibiotics were noted and re-determined against the test organisms in
the presence of sub-inhibitory concentrations of CFM. Micro-titre plates
of ninety-six wells were filled with 100 μL of sterile double strength
nutrient broth each. Aliquots of between 10 and 80 μL of the reference
drugs were added to their respective wells with appropriate volumes of
water where necessary to achieve a range of concentrations of 0.5–64
μg/mL for ketoconazole; 0.01–4 μg/mL for ciprofloxacin, 0.04–80
mg/mL for amoxicillin, tetracycline and clarithromycin. CFM was added
to appropriate wells to produce sub-inhibitory concentrations against the
various organisms. Twenty microlitres (20 μL) of suspension containing
1.0 � 106 CFU/mL of the test organisms were finally added to the
appropriate wells. The plates were then incubated for 24 h at 37 �C, after
which 20 μL of MTTwas added to the wells and MIC re-determined as the
lowest concentration at which no growth was observed (no purple colour
observed after 30 min of incubation at 37 �C).

2.8. Time-kill kinetic studies of CFM

The MIC, twice the MIC and four times the MICs of CFM against the
test organisms were prepared and added to 5 mL sterile double strength
nutrient broth separately with appropriate volumes of sterile water to
produce 9mL each. This was followed by the addition of an inoculum size
of 1 mL (1.0� 106 CFU/mL) of the various organisms to their appropriate
test tubes (Labchem Ltd, Dublin, UK). The tubes were incubated at 37 �C
and 0.1 mL of the mediumwas taken at time intervals of 0, 2, 4, 6, 12 and
24 h and inoculated aseptically into 20 mL sterile nutrient agar and
incubated at 37∘ C for 24 h. A control test was performed for the or-
ganisms without CFM or reference antibiotics. The colony-forming unit
(CFU) of the organisms was determined and the procedure was per-
formed in triplicate (three independent experiments). A graph of the log
CFU/mL was plotted against time [20, 23].

2.9. Determination of the effect of CFM on some biofilm-producing
organisms

The effect of the methanol extract of C. ferruginea (CFM) on biofilm
production by P. aeruginosa, K. pneumoniae, E. coli and S. aureus were
determined using a modified method [24]. The test organisms were
cultivated in a 96-well microtitre plate in the presence and absence of the
extract and the extent of biofilm production was determined by
measuring the optical density at 490 nm using a multi-mode micro-titre
plate reader (Bio-Tek Instruments GmbH, Germany) after the formed
biofilm was stained with 0.1% w/v crystal violet dissolved in
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ethanol-acetic acid (3:7 ratio) (Sigma- Aldrich, London, UK). The above
procedure was carried out in triplicates.

2.10. Statistical analysis

Data were analyzed with Graph Pad Prism Version 8.0 for Windows
(Graph Pad Software Inc, San Diego, CA, USA). One-way ANOVA fol-
lowed by Dunnett's post hoc test was employed in the analysis of data for
the time-kill studies and the biofilm inhibition assay.

3. Results

3.1. Susceptibility testing using the agar well diffusion method

The agarwell diffusionmethodwas used in this assay as it is simple and
reproducible [25]. CFP and CFE showed no activity against all the test
organisms. CFM exhibited antimicrobial activity against the test organ-
isms (Table 1). The most susceptible organism to CFMwas K. pneumoniae
with mean diameter zones of inhibition ranging from 14.33 � 0.47 to
22.17�0.24mm.Meandiameter zones of inhibition of CFMagainstE. coli
ranged from11.17� 0.24 to 15.0� 0.41mm, 12.67� 0.47 to 19.5� 0.41
mm for S. pyogenes, 11.67� 0.58 to 13.83� 0.29mm for P. mirabilis, 13.5
� 0.50 to 18.17� 0.76mm for S. epidermidis, 12.67� 0.47 to 17.83� 0.24
mm for S. aureus and 11.00� 0.5 to 15.83� 0.29mm forMRSA. Themost
resistant organism to CFMwas P. aeruginosawith mean diameter zones of
inhibition in the range of 12.33� 0.47 to 13.5� 0.41mm.CFMwas active
against C. albicanswith mean diameter zones of inhibition in the range of
14.00 � 0.00 to 18.17 � 0.29 mm.

3.2. Minimum inhibitory concentrations of CFM, CFE and CFP, and
minimum bactericidal/fungicidal (MBC/MFC) concentrations of CFM

MICs for CFP and CFE were greater than 20 mg/mL, thus they were
not further investigated. The MIC of CFM against P. aeruginosa,
P. mirabilis and E. coli was 5 mg/mL and is being reported as the highest
MIC value for CFM. MIC of CFM against S. epidermidis, K. pneumonia,
S. aureus, MRSA and C. albicans were 2.5, 0.31, 0.63, 2.5 and 0.63 mg/
mL, respectively (Table 2). The MBCs of CFM ranged from 2.5 to 20 mg/
mL whereas the MFC was 10 mg/mL.

3.3. Microbial resistance modifying activity of CFM

The MICs of 4 standard antibiotics; amoxicillin, ciprofloxacin, clari-
thromycin, tetracycline and one antifungal agent, ketoconazole were
determined (Table 3). The most susceptible organism to amoxicillin was
K. pneumoniae (MIC at 0.31mg/mL)while themost resistantwas P.mirabilis
(MIC at 40 mg/mL). The most susceptible organism to ciprofloxacin was
S. aureus (MICat 0.13 μg/mL). The highestMIC at 1 μg/mLwas exhibited by
P. aeruginosa, P. mirabilis, E. coli, MRSA and S. pyogenes. K. pneumoniae was
the most susceptible organism to clarithromycin whereas P. mirabilis and
E. coli showed the most resistance to clarithromycin. S. epidermidis was the
most susceptible to tetracycline while P. aeruginosa showed the most resis-
tance to tetracycline. The minimum inhibitory concentration of ketocona-
zole against C. albicanswas 32 μg/mL.

The MICs of the various reference drugs were re-tested against the
microorganisms after addition of sub-inhibitory concentrations of CFM.
This was to investigate the modifying effect of CFM on the reference
antibiotics (Table 3). CFM was able to influence the initial MICs of the
standard drugs and this was indicated by the number of folds (Table 3)
that it either potentiated or otherwise. The most susceptible organism
after sub-inhibitory concentrations of CFM was added to ciprofloxacin
was S. epidermidis with MIC of 0.06 μg/mL while P. aeruginosa,
P. mirabilis, E. coli, MRSA and S. pyogenes were the most resistant with
MICs of 0.5 μg/mL each. S. epidermidis was the most susceptible to
amoxicillin with MIC less than 0.04 mg/mL. The most resistant organism
was P. mirabilis with MIC of 10 mg/mL. For tetracycline, K. pneumoniae



Table 1. Mean zones of growth inhibition of CFM against test organisms.

Agent Conc. Mean zones of growth inhibition (mm) � SEM of CFM

PA EC PM SP SA KP CA MRSA SE

CFM (mg/mL) 20 13.5 � 0.41 15.0 � 0.41 13.83 � 0.29 19.5 � 0.41 17.8 � 0.24 22.1 � 0.24 18.17 � 0.29 15.83 � 0.29 18.17 � 0.76

10 12.3 � 0.47 11.17 � 0.24 11.67 � 0.58 14.0 � 0.41 16.3 � 0.47 19.0 � 0.00 17.00 � 0.00 14.00 � 0.00 16.67 � 0.58

5 NA NA NA 12.6 � 0.47 16.0 � 0.00 17.5 � 0.41 15.00 � 0.00 12.67 � 0.58 14.67 � 0.58

2.5 NA NA NA NA 12.6 � 0.47 14.3 � 0.47 14.00 � 0.00 11.00 � 0.5 13.5 � 0.50

Cipro (μg/mL) 4 21.6 �0.47 16.20 � 0.37 18.00 � 0.47 17.3 � 0.29 30.3 � 0.57 30.5 � 0.67 ND 17.67 � 0.26 18.67 � 0.29

2 16.6 �0.47 13.83 � 0.41 14.67 � 0.41 14.17 � 0.39 31.5 � 0.47 25.5 � 0.31 ND 17.0 � 0.41 17.33 � 0.43

1 14.0 �0.41 11.24 � 0.28 14.50 � 0.53 NA 25.6 � 0.24 22.1 � 0.67 ND 14.83 � 0.26 15.17 � 0.50

0.5 11.3 � 0.42 NA 12.67 � 0.47 NA 23.2 � 0.41 18.5 � 0.41 ND NA 12.83 � 0.47

Keto (μg/mL) 64 ND ND ND ND ND ND NA ND ND

32 ND ND ND ND ND ND NA ND ND

16 ND ND ND ND ND ND 14.67 � 0.47 ND ND

8 ND ND ND ND ND ND 11.50 � 0.24 ND ND

NA (no activity), ND (not determined), PA (P. aeruginosa), EC (E. coli), SP (S. pyogenes), SA (S. aureus), KP (K. pneumoniae), CA (Candida albicans), MRSA (Methicillin-
Resistant S. aureus), PM (P. mirabilis), SE (S. epidermidis), Values expressed as mean � SEM, n (3), the diameter of well (10 mm), Conc. (Concentration), CFM (methanol
extract of C. ferruginea), Cipro (Ciprofloxacin), Keto (Ketoconazole).

Table 2. MICs of CFM, CFE and CFP, and minimum bactericidal/fungicidal
(MBC/MFC) concentrations of CFM.

Test organisms CFM CFE CFP Reference drugs

MIC
(mg/mL)

MBC/MFC
(mg/mL)

(mg/mL) Cipro
(μg/mL)

Keto
(μg/mL)

P. aeruginosa 5 10 - - 1 ND

E. coli 5 20 - - 1 ND

P. mirabilis 5 10 - - 1 ND

S. epidermidis 2.5 10 - - 0.25 ND

S. pyogenes 1.25 2.5 - - 1 ND

S. aureus 0.63 5 - - 0.13 ND

K. pneumoniae 0.31 2.5 - - 0.25 ND

MRSA 2.5 10 - - 1 ND

C. albicans 0.63 10.0 - - ND 32

CFM (Cnestis ferruginea methanol extract), CFE (Cnestis ferruginea ethyl acetate
extract), CPE (Cnestis ferruginea petroleum ether extract), Cipro (Ciprofloxacin),
Keto (Ketoconazole), ND (not determined), - (No activity)/>20 mg/mL.
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and S. epidermidiswere the most susceptible with MIC less than 0.04 mg/
mL while P. mirabilis was the most resistant with MIC of 5 mg/mL. For
clarithromycin, P. aeruginosa, P. mirabilis and E. coli were the most
resistant with MIC of 5 mg/mL while S. epidermidis was the most sus-
ceptibility with MIC of 0.04 mg/mL.
Table 3. MIC of test antibiotics alone and in the presence of sub-inhibitory concentr

Test Organisms Antibiotic alone In the presence of su
concentrations of CF

Cipro Amoxi Clari Tetra Cipro Amo

(μg/mL) (mg/mL) (μg/mL) (mg/

P. aeruginosa 1 5 5 10 0.5 2.5

P. mirabilis 1 40 40 5 0.5 10

E. coli 1 5 40 5 0.5 2.5

S. epidermidis 0.25 0.16 0.08 0.08 0.06 <0.0

S. aureus 0.13 0.63 0.16 0.66 0.13 0.31

K. pneumoniae 0.25 0.31 0.08 1.25 0.13 0.08

MRSA 1 5 0.31 1.25 0.5 2.5

S. pyogenes 1 10 1.25 5 0.5 5

ND (not determined), Cipro (Ciprofloxacin), Amoxi (Amoxicillin), Clari (Clarithromy

4

3.4. Time-kill kinetic studies of CFM

The graphs (Figures 1, 2, and 3) show the time-kill kinetics study
which indicates whether the test antimicrobial agent is static or cidal. It
also shows the rate at which an agent inhibits or kill microbes [23]. The
time-kill kinetics of CFM against C. albicans showed a gradual increase in
the number of organisms at 0.63 mg/mL from 0 to 24 h. The organisms in
the presence of 1.25 and 2.5 mg/mL of CFM showed a decrease in the
number of viable cells between the first 2 h followed by a gradual in-
crease in the number of viable cells (A). For S. aureus, there was a
reduction in the number of viable cells over the first 2 h at 0.63 and 1.25
mg/mL and a gradual increase in the number of organisms in both con-
centrations thereafter until the 24th h. At 2.5 mg/mL, CFM revealed a
decrease in the number of viable cells over the first 4 h followed by a rise
in the number of viable cells (B). The time-kill kinetics of CFM against
E. coli showed a concentration-dependent decrease in the number of
viable cells over the first 2 h after which there was a gradual rise in the
number of organisms until the 24th h (C). The area under the curve (AUC)
representing the activity of CFM against C. albicans, S. aureus and E. coli
compared to the control showed that the number of organisms at the
various concentrations reduced significantly (***p < 0.001) (A*, B*, and
C*, respectively) (Figure 1).

There was a concentration-dependent reduction in the number of
viable cells over the first 4 h followed by a gradual rise in the number of
organisms until the 24th h in the time-kill kinetics of CFM against
K. pneumoniae (D). The time-kill kinetics of CFM against P. aeruginosa
ations of CFM.

b-inhibitory
M

The ratio of MIC of antibiotics alone to MIC of
antibiotic in the presence of CFM

xi Clari Tetra Cipro Amoxi Clari Tetra

mL)

5 2.5 2 2 1 4

5 5 2 4 8 1

5 1.25 2 2 8 4

4 0.04 <0.04 4 >2 2 >2

0.08 0.16 1 2 2 4

0.04 <0.04 2 4 2 >2

0.31 1.25 2 2 1 1

0.12 2.50 2 2 8 2

cin), Tetra (Tetracycline), MRSA (Methicillin-Resistant Staphylococcus aureus).
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Figure 1. Time-kill kinetics of CFM against C. albicans, S. aureus and E. coli. A, B and C: Time-kill kinetics curve of C. albicans, S. aureus and E. coli, respectively. A*, B*,
and C*: AUCs of time-kill kinetics of C. albicans, S. aureus and E. coli, respectively. Comparison of AUCs to control indicates significance levels of ***p < 0.001 (One-
way ANOVA followed by Dunnett's post hoc test).
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revealed a decrease in the number of viable cells over the first 2 h at 5
mg/mL. There was a gradual increase in the number of organisms
thereafter until the 24th h. CFM at 10 and 20 mg/mL reduced the number
of viable cells over the first 4 h followed by a gradual rise in the number
of viable cells (E). The time-kill kinetics of CFM against S. epidermidis
showed a concentration-dependent decrease in the number of viable cells
over the first 2 h after which there was a gradual rise in the number of
organisms until the 24th h (F). The AUC of CFM against K. pneumonia,
P. aeruginosa and S. epidermidis when compared to the control showed
that the number of organisms reduced significantly at the various con-
centrations (p < 0.0001) (D*, E*, and F*, respectively) (Figure 2).

There was a concentration-dependent reduction in the number of
viable cells over the first 4 h followed by a gradual rise in the number of
organisms until the 24th h in the time-kill kinetics of CFM against
P. mirabilis (G). The time-kill kinetics of CFM against S. pyogenes showed a
5

concentration-dependent decrease in the number of viable cells over the
first 2 h after which there was a gradual rise in the number of organisms
until the 24th h (H). The AUC of CFM against P. mirabilis and S. pyogenes,
when compared to the control, showed that the number of organisms
reduced significantly at the various concentrations (p < 0.0001) (G* and
H*, respectively) (Figure 3).

3.5. The effect of CFM on biofilm production by some selected test
organisms

CFM was tested for its ability to inhibit the formation of biofilms in
four organisms namely; P. aeruginosa, S. aureus, E. coli and K. pneumoniae.
These selected organisms are usually implicated in wounds and easily
form biofilms [26, 27]. The results indicated a concentration-dependent
inhibition to the formation of biofilms in all the test organisms. CFM at its
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Figure 2. Time-kill kinetics of CFM against K. pneumoniae, P. aeruginosa and S. epidermis. D, E and F: Time-kill kinetics curve of K. pneumonia, P. aeruginosa and
S. epidermis, respectively. D*, E*, and F*: AUCs of time-kill kinetics of K. pneumonia, P. aeruginosa and S. epidermis, respectively. Comparison of AUCs to control in-
dicates significance levels of ****p < 0.0001 (One-way ANOVA followed by Dunnett's post hoc test).
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highest concentration (5 mg/mL) was able to inhibit 28.12% (***p <

0.001) of biofilms from being formed by P. aeruginosa. The least inhibi-
tion was observed at a concentration of 0.63 mg/mL with a percentage
inhibition of 22.98% (***p < 0.001) (I). CFM at 5 and 0.63 mg/mL
inhibited the formation of biofilms in E. coli by 34.11% and 28.19%,
respectively (***p < 0.001) (K). In S. aureus (J) and K. pneumonia (L),
there was 36.66 and 43.41% (***p< 0.001) of biofilm inhibition at 0.63
mg/mL when compared to the control. At 0.08 mg/mL of CFM, S. aureus
(J) and K. pneumonia (L) inhibited the formation of biofilms by 23.47 and
30.10%, respectively (***p < 0.001) (Figure 4).

4. Discussion

Cnestis ferruginea is a common plant in Ghana popularly called
“Apↄↄsee or Apↄwose”whichmeans “teeth bleacher” by the Akans due to its
common usage of cleaning the teeth with the fruits of the plant [28, 29].
Cnestis ferruginea has antibacterial properties [30]. Roots and fruits ex-
tracts of C. ferruginea have been reported to exhibit very good antifungal
activity against Aspergillus niger and three other filamentous
6

dermatophytes [31]. The fruits of C. ferruginea had activity against some
bacteria usually implicated in orofacial infections [29].

The MICs of CFM against the test organisms (Table 2) indicates that
C. feruginea contained broad-spectrum antimicrobial agents as it was
effective against both Gram-positive and Gram-negative organisms. It
also had antifungal properties. This confirmed the traditional usage of
the roots of the plant in the treatment of skin infections and its broad-
spectrum antimicrobial properties [18, 32]. CFP and CFE had no activ-
ity against all the test organisms in the agar well diffusion assay, as well
as the broth dilution assay. This occurrence may be as a result of the types
or contents of secondary metabolites present in the extracts [32].

Different studies have identified some compounds from the leaves
and fruits of C. feruginea. An isoflavone glycoside: afrormosin-7-O-β -D-
galactoside (a polar compound), which exhibited antimicrobial activity
against S. aureus, E. coli and C. albicans has been isolated from the fruit of
C. feruginea [33]. Benzene-1, 4-diol and caffeic acid methyl ester (polar
compounds) have also been isolated from the leaves which are believed
to confer its antimicrobial activities [34]. Amentoflavone from the roots
of the plants has been isolated and investigated for its anti-inflammatory
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and analgesic properties [14]. The isolated compounds were all polar,
thus giving a probability that the antimicrobial compounds present in the
roots may also be polar. However, the observed activity in the roots may
be as a result of an entirely different compound(s) that are present. Based
on the promising antimicrobial activity of CFM compared to CFP and
CFE, CFM was subsequently used for the remainder of the studies.

Time-kill kinetics studies were conducted to confirm whether CFM is
static or cidal. Determination of cidal or static potential by time-kill ki-
netics is often desirable. This is because it shows the rate at which an agent
can inhibit or kill microbes and the time range in which this inhibition or
killing occurs [20, 23]. Observation of 3 log-cycles reductions of the initial
number of viable cells, usually over the first 6 h of incubation is indicative
of a cidal agent whereas a reduction of less than 3 log-cycle of the initial
number of viable cells is indicative of a static agent [23, 35]. CFM reduced
the initial number of organisms by less than 3 log-cycles in all test or-
ganisms (Figures 1, 2, and 3). However, there was regrowth of the or-
ganisms after the reductions observed, making CFM a static agent. This
agrees with the findings that some plants do possess static agents [20].

Since bacteria may genetically develop resistance to antibacterial agents
after some time [36], it is important to protect these antibacterial agents.
This makes resistance modifying activities of microorganisms a significant
area in research. Such researches have led to the successful production of
combined drugs such as amoxicillin and clavulanic acid combination
(Augmentin) [37]. Plant compounds are useful in resistance modifying and
as such crude extract screening for such activities is a stepping stones in the
identification of such compounds [38]. Sub-inhibitory concentrations of
7

CFM added to amoxicillin, clarithromycin, ciprofloxacin and tetracycline
showed that CFM was able to increase the susceptibility of most of the test
organisms to reference antibiotics (Table 3). At sub-inhibitory concentra-
tions, some plant-based antibacterial agents increase the antimicrobial ac-
tivities of existing antibiotics by acting in synergy with the antibiotics [39].
For instance, at sub-MIC (5 mg/mL), the aqueous crude of khat (Catha
edulis) when added to tetracycline showed a 2 to 4-folds potentiation against
resistant strains of Streptococcus sanguis, Streptococcus oralis and Fusobacte-
rium nucleatum [40].

Many bacteria confine themselves in colonies which are enveloped in
a matrix composed of extracellular polymeric substances called biofilms.
These biofilms are very difficult to eradicate [41, 42]. CFM was able to
inhibit biofilm formation in the selected test organisms. This could be
attributed to the presence of secondary metabolites such as terpenoids
[43]. The biofilm inhibition property of CFM agrees with reports that
some plant extracts do possess antibiofilm activity [42, 43, 44]. For
instance, it is reported that plant extracts of Mentha piperita L exhibited
antibiofilm activity against S. aureus and E. coli [45].

5. Conclusion

The methanol root extract of C. ferruginea (CFM) showed a broad-
spectrum antimicrobial activity. The extract had static activity against
the test organisms and exhibited concentration-dependent biofilm inhi-
bition activity. Sub-inhibitory concentrations of CFM modified the ac-
tivities of some selected antibiotics.



             Concentration of CFM (mg/mL)

I {P. aeruginosa}

Pe
rc

en
ta

ge
  b

io
fil

m
 fo

rm
at

io
n 

(%
)

Contr
ol

0.6
3

1.2
5

2.5 5
0

20

40

60

80

100
Control
0.63
1.25
2.5
5

** *** ** ***

Concentration of CFM (mg/mL)

J {S. aureus}

Pe
rc

en
ta

ge
 b

io
fil

m
 fo

rm
at

io
n 

(%
)

Con
tro

l
0.0

8
0.1

6
0.3

1
0.6

3
0

20

40

60

80

100
Control
0.08
0.16
0.31
0.63

** ***
*** ***

Concentration of CFM (mg/mL)

K {E. coli}

Pe
rc

en
ta

ge
 b

io
fil

m
 fo

rm
at

io
n 

(%
)

Con
tro

l
0.6

3 
1.2

5
2.5 5

0

20

40

60

80

100
Control

0.63

1.25

2.5

5

*** ***
*** ***

Concentration of CFM (mg/mL)

L {K. pneumoniae}

Pe
rc

en
ta

ge
 b

io
fil

m
 fo

rm
at

io
n 

(%
)

Con
tro

l
0.0

8
0.1

6
0.3

1
0.6

3
0

20

40

60

80

100
Control
0.08
0.16
0.31
0.63

*** ***
*** ***

Figure 4. Influence of CFM on biofilm formation of selected organisms. I, J, K and L: Percentage biofilm formation of CFM against P. aeruginosa, S. aureus, E. coli and
K. pneumoniae, respectively. Comparison to the control indicates significance levels of ***p < 0.001 (Unpaired t-test with Welch's correction).
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