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Abstract
The management of surgical wound infections has no doubt become more challenging due to widespread
resistance to available antibiotics and a greater incidence of infections caused by notable bacterial strains.
This therefore demands that a renewed effort be made to select suitable antimicrobial therapy from plant
derived substances that will aid in the prompt healing of infected surgical wounds. In the present study
antimicrobial activity of Cnidoscolus aconitifolius leaf and honey are investigated against Pseudomonas
aeruginosa, Pseudomonas fluorescence, Staphylococcus aureus and Escherichia coli. These isolates
were obtained from the wound laboratory, microbiology department, University of Port Harcourt
Teaching Hospital, Nigeria. C. aconitifolius extract was prepared using methanol and water as extraction
solvents. The samples were subjected to phytochemical and antimicrobial examinations using standard
methods. Results of phytochemical analysis indicated the presence of alkaloids, saponins, tannins,
flavonoids, carbohydrates and steroids. Antimicrobial effects of C. aconitifolius leaf extract, honey,
extract/honey combination was in decreasing order: P. fluorescence > P. aeruginosa > S. aureus > E.
coli. The variable sensitivity to leaf extract, honey, extract/honey combination seems to relate to the
different resistance levels between the microbial species. The susceptibility test carried out using
commercial antibiotics shows P. fluorescence and P. aeruginosa as the most susceptible, while E. coli
was least susceptible. This may be due to their differences in cell wall composition, metabolism, nature,
resistance to antibiotics or local environmental factors. The study highlights the role of natural product in
broadening antimicrobial effectiveness against drug resistant organisms.
Keywords: Cnidoscolus aconitifolius, honey, organisms, antibiotics, surgical wound infection,
susceptibility, resistance
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1. Introduction
A surgical wound is considered infected when the surgical site (usually made by a scalpel
during surgery) is invaded by disease-causing agents [1]. The disease-causing agents could be
from endogenous or exogenous sources, colonizing and multiplying in the exposed
subcutaneous tissue [2-5]. Despite the effort and advances in wound management, surgical
wound infection remains one of the most common health challenges in many parts of the
world, especially Africa [5]. One amongst several options available for the treatment of infected
surgical wounds caused by bacteria is the use of antibiotics [6]. However, there’s seemed to be
concerns about the resistance of these wound pathogens to most of the available antibiotics [7,
8]
. Acquired resistance to these antimicrobials may arise from a combination of several
mechanisms including change in permeability target, accumulation of multiple genes, each
coding for resistance to a single drug, within a single cell, increased expression of genes that
code for multidrug efflux pumps, extruding a wide range of drugs [7]. Previous report suggest
that persistence of pathogenic microorganisms may occur in an antibiotic treated patient
because they get into a physiologically resistant state without any genetic changes [7]. As a
result, there are situations where infected patients cannot be treated promptly resulting in
complications or even death [1, 9].
The importance of surgical wound infection in human and cost to economy is enormous. The
enormity is in terms of complications of the illness, anxiety it causes, increase in patients
discomfort and may lead to death as previously reported [1, 9]. The identified problem therefore
demands that a renewed effort be made to select suitable antimicrobial therapy that will aid in
the prompt healing of contaminated surgical wounds. Several authors have reported on
therapeutic efficacy of some of these medicinal plants having signiﬁcant healing power, either
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in their natural state or as the source of new pharmaceuticals
[10-13]
. The healing is likely due to the production of bioactive
compounds of high structural diversity, that serve as defense
agents against invading microorganisms [14-16]. The most
important of these bioactive compounds of plants are tannins,
alkaloids, steroids, flavonoids, phenolic compounds, gums,
fatty acids and resins which can produce definite
physiological action on body [9]. A good number of the
medicinal plant have been adapted in the management of
varieties of conditions such as fever, ulcer, convulsion,
tumour, spasm, inflammation, pain [14], including the
treatment of fungal infections [17], gastrointestinal nematodes
[18]
and sexually transmitted infections [19]. Many countries of
the world today have integrated, plant-based medicines as an
integral part of their primary health care system [20], yet more
still need to be done to source for potential new
antimicrobials.
Cnidoscolus aconitifolius is one amongst several plant used in
traditional medical practice in Nigeria for a number of
ailments including haemorrhoids, alcoholism, insomnia, gout,
acne, kidney stones, skin disorders, arthritis, obesity, brain
and vision improvement [21]. In most part of the world, C.
aconitifolius shoots and leaves are reported to have been
taken as a laxative, circulation stimulant, diuretic and for
improving digestion, stimulating lactation, improving brain
function and memory, strengthening fingernails and
darkening greying hair [22]. Few of the popular common
names of the plant are Spinach Tree, Tread Softly, Cabbage
Star, Chaya, Chicasquil, Devil nettle and Tree-spinach [22]. C.
aconitifolius is a fast-growing leafy perennial shrub of the
family Euphorbiaceae commonly found in the tropics [23]. The
plant could often grow to 3 m (10 ft.) in height, and 2 m (6.5
ft.) in width but some may reach up to five or six meters tall
[22]
. It has succulent stems which exude a milky sap when cut
and grow well in most soil conditions including moist, welldrained soil [22]. Leaves are dark green, alternate, simple, slick
surfaced often with some hairs and palmately lobed. Each leaf
is 6 to 8 inches across and is borne on a long slender petiole
(leaf stem). Where the leaf stem connects to the leaf, the leaf
veins are fleshy and cuplike. Wood of young stems is soft,
easily broken, and susceptible to rot [22]. Previous studies
show that C. aconitifolius contain phenols, saponins, cardiac
glycosides, phlobatannin, high fibre content, antioxidant
properties against paracetamol toxicity, ameliorative effect on
anaemia and increases erythrocyte osmotic fragility induced
by protein energy malnutrition [23].
Honey is one of the oldest traditional medicines considered to
be important in the treatment of several human ailments [24].
According to Moore et al. [25] honey is obtained from the
secretions of the living parts or excretions of plants which the
honey bees known as Apis mellifera collects and store. Their
use as nutrient, drug and ointment has been widely reported
by several authors [24, 26, 27]. The high osmotic nature, ability to
produce hydrogen peroxide, naturally low pH (3.2–4.5),
phytochemical factors such as tetracycline derivatives,
ascorbic acid, peroxides, benzoic acid, phenols, terpenes,
amylase, benzyl alcohol and fatty acids are factors that
confers potency against pathogenic organisms [26, 28]. Earlier
studies have shown effectiveness of honey in wound dressing,
burns and skin ulcers [26, 27]. According to Lusby et al. [27]
honey speeds up growth of new tissues and help to heal
wound, reducing pain and odour quickly.
Though honey is used widely in traditional medicine, its use
in modern medicine seems to be limited because of variation
in the antimicrobial activity of some natural honeys [24]. The

variation is reported to be as result of spatial and temporal
variation in sources of nectar and as such requiring
identification and characterization of the active principles [24].
Since resistance has become a global health issue, the
integration of traditional medicine such as the use of honey
and/or medicinal plants could be an alternate option to
broaden the spectrum of antimicrobial activity against drug
resistant bacteria [26]. We, therefore, under took this study to
evaluate the antimicrobial activity of the extracts of
Cnidoscolus aconitifolius leaf alone and in combination with
honey against organisms isolated from surgical wound
infections.
2. Materials and Methods
2.1. Plant sample
Fresh sample of Cnidoscolus aconitifolius leaf was collected
from Ogbatai, Woji in Obio Akpor, South-south region,
Nigeria. The sample was authenticated at the herbarium (FHI)
forestry research institute of Nigeria, Ibadan, Oyo State,
South-west region with an herbarium number of 109457.
2.2. Preparation of plant extract
The collected material was rinsed severally with clean tap
water to make it dust and debris free and subjected to drying
in a dark place at room temperature for about 2 weeks. The
dried leaf was ground in electric chopper and fine plant
powder-soaked methanol and water separately for 1 week
with subsequent stirring, then filtered with a Whitman’s filter
paper. The filtrate was dried on a porcelain crucible and
placed on a water bath set at 40 oC until all the solvent had
vapourized. After solvent evaporation, the extract was
weighed and preserved at – 4 oC until ready for use [29].
2.3. Honey sample
Fresh honey sample was collected from Abakpa, Enugu,
South-eastern region, Nigeria. The sample was labelled and
transported to pharmaceutical microbiology laboratory,
University of Port Harcourt for examination and storage.
2.4. Culture media
The media used in this study includes, Nutrient Agar, Nutrient
broth, Muller Hinton agar, Muller Hinton broth, MacConkey
Agar, Simon’s Citrate Agar, Cetrimide Agar (Lab M Limited,
England) and constituted according to manufacturer’s
specification. Sterilization was by autoclaving at 121 °C for
15 min and maintained in molten form until ready for use [30,
31]
.
2.5. Commercial antibiotic used
The antimicrobial agents used were commercially prepared
antibiotic disc from Abtek Biologicals Ltd; (Lot/Batch
Number: RC09/P). They include, cefalexin 30 µg, ampicillin
10 µg, streptomycin 10 µg, cotrimoxazole 25 µg, amoxicillinclavulanate 20/10 µg, gentamycin 10 µg, pefloxacin 5 µg,
nalidixic acid 30 µg, ofloxacin 5 µg, rifampicin 5 µg,
amoxicillin 20 µg, norfloxacin 10 µg, chloramphenicol 30 µg,
ciprofloxacin 5 µg, erythromycin 15 µg, levofloxacin 5 µg.
2.6. Test organisms
Test organisms (Pseudomonas aeruginosa, Pseudomonas
fluorescence, Staphylococcus aureus and Escherichia coli)
were obtained from the wound laboratory, microbiology
department, University of Port Harcourt Teaching Hospital,
Nigeria. The organisms were collected in sterile agar slants,
labelled with the date and transported immediately to the
laboratory for analysis.
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3. Results
3.1 Phytochemical tests
Table 1 represents methanolic and aqueous reactions to
various phytochemical test carried out. As shown, the
methanol extract gave positive reactions for flavonoids,
tannins, alkaloids, carbohydrates, steroids, carotenoids,
saponins and negative for anthraquinone. Similar result was
recorded for the aqueous extract for carotenoids which tested
negative.

P. aeruginosa
Zone of Inhibition (mm)

2.10. Antimicrobial assay
Antimicrobial activities of C. aconitifolius leaf extract and
honey were determined using the well diffusion method
previously described in the standard of the National
Committee for Clinical Laboratory Standards [39, 40].
Standardized cultures of four bacterial isolates (P.
aeruginosa, P. fluorescence, E. coli and S. aureus) were
seeded onto Muller Hinton agar (MHA) pour and allowed to
set on the bench. Wells measuring 6 mm in diameter were
aseptically cut in the agar plate using a cork borer. Each well
respectively filled with 0.2 mL of extract or honey by using a
pipette in aseptic condition as previously described [41]. The
plates were preincubated at 4 oC for 2 hours to allow uniform
diffusion into the agar. After preincubation, the plates were
incubated at 37 °C for 24 hours. The results were observed by
measuring the zone of inhibition [42, 43].
In addition, commercial antibiotics were used as positive
control to determine the sensitivity of the test organisms.
Sensitivity tests were performed following modified KirbyBauer disc diffusion method as recommended by the Clinical
Laboratory Standards Institute (CLSI) [44]. Using a swab, the
standardized organisms were inoculated onto a Mueller
Hinton agar and disc containing antibiotics placed
equidistance to each other as previously described [44, 45].
Uninoculated plates containing only the media and antibiotic
disc were used as blank to compare the different samples. The
plates were incubated in inverted position at 37 oC for 24
hours and the resulting inhibition zone diameter (IZD)
interpreted using CLSI protocols [39, 46, 47].

3.2 Antimicrobial assay
3.2.1 Cnidoscolus aconitifolius leaf extract and honey
The isolates P. aeruginosa, P. fluorescence, E. coli and S.
aureus were tested for their antimicrobial activity to C.
aconitifolius leaf extract and honey and the results of
inhibition zones measured in millimetre are presented in Fig.
1 – 4. The results presented showed honey with the widest
inhibition zone diameter of 17, 13.7, 12.2 and 11.7 mm
respectively for P. aeruginosa, P. fluorescence, S. aureus and
E. coli. The test with extract alone gave an inhibition zone
diameter reading of 8, 9, 1, 8 mm (methanol extraction) and 3,
5, 2, 4 mm (aqueous extraction) for P. aeruginosa, P.
fluorescence, E. coli and S. aureus respectively. While the test
involving extract in combination with honey gave a zone of
inhibition diameter of 10, 11, 7.5, 8.5 mm (methanol
extraction) and 5, 8, 5, 5 mm (aqueous extraction) for P.
aeruginosa, P. fluorescence, E. coli and S. aureus
respectively.
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2.9. Phytochemical tests
Phytochemical component screening tests and identification
of
flavonoids,
carbohydrates,
cardiac
glycosides,
anthraquinone glycosides, saponins, tannins, alkaloids,
carotenoids were carried out on the extracts using the standard
procedures as described [35-38].

Extract
Methanolic
Aqueous
Flavonoids
+
++
Tannins
+
+
Alkaloids
++
+
Anthraquinone
Carbohydrate
+
++
Steroids
+
+
Carotenoids
+
Saponins
+
+
Key: + = Present in moderate amounts, ++ = Present in high
amounts, - = absent
Phytochemical constituents

M
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2.8. Standardization of test organisms
A loopful of the purified culture was collected using a flamed
and cooled sterile wire loop, introduced into sterile peptone
water in universal bottles. The bottles were shaken, and the
turbidity compared with that of the McFarland standard. 0.5
McFarland Standards is equivalent to approximately 1.5 x 10 8
CFU/mL of microbial suspension, when the turbidity values
of the suspensions match optically or visually [33, 34].

Table 1: Phytochemical Screening of Cnidoscolus aconitifolius Leaf
Extract

M
et

2.7. Authentication of isolates
The test organisms were cultured onto selected culturing
media and incubated for 24 hours at 37 oC to obtain colonies.
After overnight incubation, colonies were authenticated using
colony characteristics, gram reaction of the organisms and
biochemical test following standard procedure [32].

Fig 1: Column chart showing zone of inhibition produced by C.
aconitifolius leaf extract alone, extract/honey combination and honey
alone against P. aeruginosa
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Fig 2: Column chart showing zone of inhibition produced by C.
aconitifolius leaf extract alone, extract/honey combination and honey
alone against P. fluorescence
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Fig 3: Column chart showing zone of inhibition produced by C.
aconitifolius leaf extract alone, extract/honey combination and honey
alone against E. coli

susceptibility to norfloxacin and ciprofloxacin (Fig. 8).

S. aureus
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Fig 4: Column chart showing zone of inhibition produced by C.
aconitifolius leaf extract alone, extract/honey combination and honey
alone against S. aureus

3.2.2 Commercial antibiotics
All four isolates P. aeruginosa, P. fluorescence, E. coli and S.
aureus were tested for their susceptibility to commercially
available antibiotics and the pattern of their sensitivity
measured in millimetre are presented in Fig. 5 – 8. Using the
interpretative chart derived from the zones of inhibition of
standard organisms according to the Clinical Laboratory
Science Institute (CLSI), the zone size of each antibiotic was
interpreted, and the isolate was reported as being
“susceptible”, “intermediate” or “resistant” [39, 48]. As shown,
P. aeruginosa and P. fluorescence are susceptible to
cefalexin, ampicillin, amoxicillin-clavulanate, gentamycin,
ofloxacin
showing
intermediary
susceptibility
to
streptomycin, resistance to pefloxacin, with varied
susceptibility to ciprofloxacin and cotrimoxazole. E. coli was
resistant to all test antibiotics (Fig. 7). S. aureus was
susceptible to streptomycin, chloramphenicol but resistant to
gentamycin,
ampicillin,
rifampicin,
amoxicillin,
erythromycin, levofloxacin and showing intermediary
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Antimicrobials
Fig 5: Column chart showing zone of inhibition produced by
commonly used antimicrobials against P. aeruginosa. The result
shows that P. aeruginosa was susceptible to cefalexin, ampicillin,
ciprofloxacin, amoxicillin-clavulanate, gentamycin, ofloxacin and
resistant to pefloxacin, nalidixic acid while streptomycin,
cotrimoxazole showed intermediate effect.

Key: CN = Cefalexin, AMP = Ampicillin, STR =
Streptomycin, SXT = Cotrimoxazole, CIP = Ciprofloxacin,
AMC = Amoxicillin-clavulanate, GEN = Gentamycin, PEF =
Pefloxacin, NA = Nalidixic acid, OFX = Ofloxacin.
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Fig 6: Column chart showing zone of inhibition produced by commonly used antimicrobials against P. fluorescence. Result indicates
susceptibility to cefalexin, ampicillin, streptomycin, amoxicillin-clavulanate, gentamycin, nalidixic acid, ofloxacin showing intermediary
susceptibility to ciprofloxacin, cotrimoxazole and resistant to pefloxacin.
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Fig 7: Column chart showing zone of inhibition produced by commonly used antimicrobials against E.
coli. As shown, E. coli was resistant to the test antibiotics.
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Fig 8: Column chart showing zone of inhibition produced by commonly used antimicrobials against S. aureus. From the result S. aureus was
susceptible to streptomycin, chloramphenicol, intermediary susceptibility to norfloxacin, ciprofloxacin and resistant to gentamycin, ampicillin,
rifampicin, amoxicillin, erythromycin, levofloxacin. Key: GEN = Gentamycin, AMP = Ampicillin, RIF = Rifampicin, AMX = Amoxicillin, STR
= Streptomycin, NOR = Norfloxacin, C = Chloramphenicol, CIP = Ciprofloxacin, ERY = Erythromycin, LVX = Levofloxacin
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4. Discussion
The clinical relevance of infections caused by drug-resistant
organisms has been outlined in several studies [5, 7, 49-52]. Such
organisms are reported to presents worse clinical outcomes
than those caused by non-resistant strains of the same
organisms [49]. This is very important not only in terms of
increased trauma to patient but also because of its burden on
cost and the increasing demand for cost-effective
management within the healthcare system as previously
reported [5]. The extent of the above outcomes is reported to
be more pronounced as disease severity, strain virulence, or
host susceptibility rises [49]. The present study was carried out
to evaluate the possible antimicrobial activities of C.
aconitifolius leaf extract alone and its combination with honey
to multi-drug resistant organisms isolated from surgical
wound infections. P. aeruginosa, P. fluorescence, E. coli
(gram negative) and S. aureus (gram positive) were the
predominant organisms in the present study similar to
previous report by Bowler et al. [2], Emele et al. [53], Mama et
al. [54], Okoli et al. [55].
The phytochemical analysis of the leaf extract indicated the
presence of alkaloids, saponins, tannins, flavonoids,
carbohydrates and steroids. Previous report has indicated that
these metabolites are usually responsible for the
pharmacological activities of most medicinal plants as well as
being a possible precursor for clinically useful drugs [16, 42, 5559]
. For example, various human physiological activities, such
as stimulation of phagocytic cells, host-mediated tumour
activity, and a wide range of anti-infective actions, have been
assigned to tannins [60]. Flavonoids is reported to target
microbial membrane, peptides which are often positively
charged and contain disulphide bonds. It inhibits growth by
the formation of ion channels in the microbial membrane or
competitive inhibition of adhesion of microbial proteins to
host polysaccharide receptors [61]. It is possible that one or
more of these active compounds may have contributed to the
observed inhibition which may also have overlapped due to
the solvent used for screening [9]. This suggests that the
constituents of this leaf may play a valuable role as alternative
therapy in wound healing as previously reported [55].
Results of antimicrobial assay showed that honey alone had
considerable effect on growth of all four isolates compared to
the extract alone and in combination with honey. Whilst
honey gave inhibition zone diameter ranging from 11.7 to 17
mm, extract alone (using methanol and aqueous) gave a zone
of inhibition ranging from 1 and 9 mm and extract in
combination with honey gave a zone of inhibition ranging
from 5 to 11 mm. The aqueous extracts exhibited the least
antimicrobial effect as compared to methanol extract. From
the results, antimicrobial effect of C. aconitifolius leaf extract,
honey, extract/honey combination to the test organisms was in
decreasing order: P. fluorescence > P. aeruginosa > S. aureus
> E. coli. The variable sensitivity of different microorganisms
to leaf extract, honey, extract/honey combination seems to
relate to the different resistance levels between the microbial
species [43]. High antimicrobial activity expressed by honey
alone is probably due to the enzymatic production of
hydrogen peroxide, high osmotic nature, naturally low pH,
phytochemical factors such as tetracycline derivatives,
peroxides, amylase, fatty acids, phenols, ascorbic acid,
terpenes, benzyl alcohol and benzoic acid [24, 26, 62]. The result
of this study seems to agree with several other in vitro and in
vivo studies showing high antimicrobial potential of honey
against some important pathogens [24, 26, 62, 63]. As shown,
honey/extract combination did not produce a significant effect

as compared to when honey is used alone. This could be
attributable to number of factors including inactivity of the
extract itself, dilution of the honey by the extract, nature of
the bacterial isolate and concentration of honey used [26]. The
minimal antimicrobial activity recorded in methanol and
aqueous extracts could be due to low concentration of
antimicrobial compounds in these extracts or the fact that the
antibacterial compound(s) may not have been extracted by
these solvents [9]. Previous report by Cowan [61] indicates the
most commonly used solvents (ethanol and methanol) may
not demonstrate the greatest sensitivity in yielding
antimicrobial chemicals on an initial screening. Hence the
need for further investigation into the disparity as the search
for new antimicrobials intensifies [61].
Similarly, the susceptibility test carried out using commercial
antibiotics for gram negative and positive organisms showed
that P. fluorescence and P. aeruginosa are susceptible to
cefalexin, ampicillin, amoxicillin-clavulanate, gentamycin,
ofloxacin
showing
intermediary
susceptibility
to
streptomycin, resistance to pefloxacin, with varied
susceptibility to ciprofloxacin and cotrimoxazole. S. aureus
was susceptible to streptomycin, chloramphenicol but
resistant to gentamycin, ampicillin, rifampicin, amoxicillin,
erythromycin, levofloxacin and showing intermediary
susceptibility to norfloxacin and ciprofloxacin. As shown in
Fig. 7, E. coli was least sensitive compared with the other test
bacteria. This may be due to their differences in cell wall
composition, metabolism, nature, resistance to antibiotics or
local environmental factors [43]. Similarities of the test
organisms in relation to their susceptibility to the plant
extracts is in agreement with previous studies by Oskay and
Sarı [43]. The most significant effect in this study is the
sensitivity expressed by antibiotic-resistant E. coli to honey
alone, combination of honey and C. aconitifolius leaf extract.
This suggest the non-interference of an antibiotic resistant
organism with the anti-microbial action of plant extracts,
indicating that these extracts and/or honey might have
different modes of action on test organisms [43].
5. Conclusions
This study confirms that, multi drug resistance E. coli and S.
aureus strains are important problems in hospitals and
treatment options seems to be limited for patient visiting
University of Port Harcourt Teaching Hospital. Our findings
show that C. aconitifolius and honey combinations, can be
efficiently used in the treatment of multi drug resistance E.
coli and S. aureus surgical infections. It should be noted that
C. aconitifolius in combination with honey did not produce
significant activity against P. aeruginosa and P. fluorescence.
Therefore, further studies should be performed since in vitro
experiences are limited for C. aconitifolius and honey
combinations. Since E. coli strains are resistant against
majority of antibiotics tested, surveillance results should be
considered when selecting empirical therapy that will be
applied to patients with surgical wound contamination.
6. References
1. Sessler DI. Non-pharmacologic prevention of surgical
wound infection. Anesthesiology clinics. 2006;
24(2):279-297.
2. Bowler PG, Duerden BI, Armstrong DG. Wound
microbiology and associated approaches to wound
management. Clinical microbiology reviews. 2001;
14(2):244-269.
3. Shittu A, Kolawole D, Oyedepo E. A study of wound

~ 168 ~

Journal of Medicinal Plants Studies

4.

5.

6.
7.
8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

infections in two health institutions in Ile-Ife, Nigeria.
African journal of biomedical research. 2002; 5(3).
Dai T, Huang YY, Sharma SK, Hashmi JT, Kurup DB,
Hamblin MR Topical antimicrobials for burn wound
infections. Recent patents on anti-infective drug
discovery. 2010; 5(2):124-151.
Gadzama G, Zailani S, Abubakar D, Bakari A. Bacterial
pathogens associated with wound infections at the
University of Maiduguri Teaching Hospital, Maiduguri,
Nigeria. Kanem J Med Sci. 2007; 1(1):26-28.
Healy B, Freedman A. Infections. BMJ (Clinical
research ed). 2006; 332(7545):838-841.
Nikaido H. Multidrug resistance in bacteria. Annual
review of biochemistry. 2009; 78:119-146.
Navarro MD, Ríos MJ, Muniain MA, Rodríguez-Baño J,
Hernández JR, Romero L et al. Bacteremia Due to
Extended-Spectrum β-Lactamase–Producing Escherichia
coli in the CTX-M Era: A New Clinical Challenge.
Clinical Infectious Diseases, 2006; 43(11):1407-1414.
Dahiya P, Purkayastha S. Phytochemical Screening and
Antimicrobial Activity of Some Medicinal Plants Against
Multi-drug Resistant Bacteria from Clinical Isolates.
Indian journal of pharmaceutical sciences. 2012;
74(5):443-450.
Kamba AS, Hassan LG. Phytochemical screening and
antimicrobial activities of Euphorbia balsamifera leaves,
stems and root against some pathogenic microorganisms.
African Journal of Pharmacy and Pharmacology. 2010;
4(9):645-652.
Alorkpa EJ, Boadi NO, Badu M, Saah SA.
Phytochemical screening, antimicrobial and antioxidant
properties of assorted Carica papaya leaves in Ghana.
Journal of Medicinal Plants Studies. 2016; 4(6):193-198.
Moerman DE. An analysis of the food plants and drug
plants of native North America. Journal of
Ethnopharmacology. 1996; 52(1):1-22.
Edeoga HO, Eriata DO. Alkaloid, tannin and saponin
components of some Nigerian medicinal plants. Journal
of Medicinal and Aromatic plant science. 2001; 23:244249.
Arullappan S, Zakaria Z, Basri DF. Preliminary
Screening Of Antibacterial Activity Using Crude Extracts
Of Hibiscus Rosa Sinensis. Tropical Life Sciences
Research. 2009; 20(2):109-118.
Obeidat M, Shatnawi M, Al-alawi M, Al-Zu`bi E, AlDmoor H, Al-Qudah M et al. Antimicrobial Activity of
Crude Extracts of Some Plant Leaves. Research Journal
of Microbiology. 2012; 7:59-67.
Akiyama H, Fujii K, Yamasaki O, Oono T, Iwatsuki K.
Antibacterial action of several tannins against
Staphylococcus aureus. J Antimicrob Chemother. 2001;
48(4):487-491.
Runyoro DKB, Ngassapa OD, Matee MIN, Joseph CC,
Moshi MJ. Medicinal plants used by Tanzanian
traditional healers in the management of Candida
infections. Journal of Ethnopharmacology. 2006;
106(2):158-165.
Qadir S, Dixit A, Dixit P. Use of medicinal plants to
control Haemonchus contortus infection in small
ruminants. Veterinary World. 2010; 3(11):515-518.
De Wet H, Nzama VN, Van Vuuren SF. Medicinal plants
used for the treatment of sexually transmitted infections
by lay people in northern Maputaland, KwaZulu–Natal
Province, South Africa. South African Journal of Botany.
2012; 78:12-20.

20. De Maeseneer J, Moosa S, Pongsupap Y, Kaufman A.
Primary health care in a changing world. The British
journal of general practice : the journal of the Royal
College of General Practitioners. 2008; 58(556):806-ii.
21. Adaramoye OA, Aluko A, Oyagbemi AA. Cnidoscolus
aconitifolius Leaf Extract Protects against Hepatic
Damage Induced by Chronic Ethanol Administration in
Wistar Rats. Alcohol and Alcoholism. 2011; 46(4):451458.
22. https://www.healthbenefitstimes.com/chaya/.
23. Azeez OI, Oyagbemi AA, Oyeyemi MO, Odetola AA.
Ameliorative effects of Cnidoscolus aconitifolius on
alloxan toxicity in Wistar rats. African health sciences.
2010; 10(3):283-291.
24. Mandal MD, Mandal S. Honey: its medicinal property
and antibacterial activity. Asian Pacific journal of
tropical biomedicine. 2011; 1(2):154-160.
25. Moore OA, Smith LA, Campbell F, Seers K, McQuay
HJ, Moore RA. Systematic review of the use of honey as
a wound dressing. BMC complementary and alternative
medicine. 2001; 1:2-2.
26. Wasihun AG, Kasa BG. Evaluation of antibacterial
activity of honey against multidrug resistant bacteria in
Ayder Referral and Teaching Hospital, Northern
Ethiopia. Springer Plus. 2016; 5(1):842-842.
27. Lusby PE, Coombes AL, Wilkinson JM. Bactericidal
activity of different honeys against pathogenic bacteria.
Archives of medical research. 2005; 36(5):464-467.
28. Kačániová M, Vukovic N, Bobková A, Fikselová M,
Rovná K, Haščík P et al. Antimicrobial and antiradical
activity of Slovakian honeydew honey samples. Journal
of Microbiology, Biotechnology and Food Sciences.
2011; 1(3):354-368.
29. Harborne AJ. Phytochemical Methods A Guide to
Modern Techniques of Plant Analysis, 3rd edn. London,
UK: Springer, 1998.
30. Sandle T. Microbiological culture media. In:
Pharmaceutical Microbiology. Oxford: Woodhead
Publishing; 2016, 47-61.
31. Ibezim C, Nwosu C, Ogbu H. Bacteriological Screening
of Paediatric Cough Syrups Marketed Within Port
Harcourt Metropolis, South-South Nigeria. International
Journal of Pharmaceutical Sciences and Drug Research.
2018; 10(2):65-70.
32. Cheesbrough M. Biochemical tests to identify bacteria.
Laboratory Practice in Tropical Countries, Cheesbrough
M (eds) Cambridge edn. 2002, 63-70.
33. Okore V. Principles of Pharmaceutical Microbiology,
2nd edn. Enugu, Nigeria: Ephrata Publishers, 2009.
34. Ogbu H, Momodu I, Comparative Assay of Ciprofloxacin
and Doxycycline Brands Marketed in Port Harcourt
Metropolis Nigeria against Staphylococcus aureus
Clinical Isolate. Eur J Pharm Med Res. 2018; 5(11):146153.
35. Evans WC, Evans D. Chapter 17 - General methods
associated with the phytochemical investigation of herbal
products. In: Trease and Evans' Pharmacognosy
(Sixteenth Edition). W.B. Saunders, 2009, 135-147.
36. Harborne AJ Phytochemical Methods A Guide to Modern
Techniques of Plant Analysis: Springer Netherlands,
1998.
37. Evans WC, Evans D Trease and Evans Pharmacognosy:
W.B. Saunders, 2002.
38. Sofowora A. Chapter 38 - Plants in African traditional
medicine—some perspectives. In: Trease and Evans'

~ 169 ~

Journal of Medicinal Plants Studies

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Pharmacognosy (Sixteenth Edition). W.B. Saunders,
2009, 511-520.
Stamdards A. Performance standards for antimicrobial
susceptibility testing. Approved Standards CLSI 2010,
M100-S120.
Navarro V, Villarreal ML, Rojas G, Lozoya X.
Antimicrobial evaluation of some plants used in Mexican
traditional medicine for the treatment of infectious
diseases. J Ethnopharmacol. 1996; 53(3):143-147.
Olajubu F, Akpan I, Ojo D, Oluwalana S. Antimicrobial
potential of Dialium guineense (Wild) stem bark on some
clinical isolates in Nigeria. International Journal of
Applied and Basic Medical Research. 2012; 2(1):58-62.
Biswas B, Rogers K, McLaughlin F, Daniels D, Yadav
A. Antimicrobial Activities of Leaf Extracts of Guava
(Psidium guajava L.) on Two Gram-Negative and GramPositive Bacteria. International Journal of Microbiology
2013; 2013:7.
Oskay M, Sarı D. Antimicrobial Screening of Some
Turkish Medicinal Plants. Pharmaceutical Biology. 2007;
45(3):176-181.
Institute CLS. Performance Standards for Antimicrobial
Susceptibility
Testing,
Nineteenth
informational
supplement M100-S19, Wayne, Pa, USA. Clinical and
Laboratories Standards Institute. 2009.
Deak E, Skov R, Hindler JA, Humphries RM. Evaluation
of Surrogate Disk Tests for Detection of Ciprofloxacin
and Levofloxacin Resistance in Clinical Isolates of
Salmonella enterica. Journal of clinical microbiology.
2015; 53(11):3405-3410.
Cheesbrough M. District Laboratory Practice in Tropical
Countries, 2 edn. Cambridge: Cambridge University
Press; 2006.
Ibezim CNE, Chukwuekem OC, Ogbu HI: Quality
Assessment of Some Antacid Suspensions Marketed in
Port Harcourt Metropolis, South-South Nigeria World J
Pharm Life Sci. 2018; 4(11):216-221.
Ezenobi NO, Ogbu HI, Kpea DT. Antimicrobial
susceptibility of common pathogens isolated from
paediatric cough syrups in Port Harcourt metropolis,
Nigeria. European Journal of Pharmaceutical and
Medical Research. 2019; 6(1):562-571.
Friedman ND, Temkin E, Carmeli Y. The negative
impact of antibiotic resistance. Clinical Microbiology and
Infection. 2016; 22(5):416-422.
Sunenshine RH, Wright MO, Maragakis LL, Harris AD,
Song X, Hebden J et al: Multidrug-resistant
Acinetobacter infection mortality rate and length of
hospitalization. Emerging infectious diseases. 2007;
13(1):97-103.

51. Oguntibeju O, Nwobu R. Occurrence of Pseudomonas
aeruginosa in post-operative wound infection. Pak J Med
Sci. 2004; 20(3):187-191.
52. Dionigi R, Rovera F, Dionigi G, Imperatori A, Ferrari A,
Dionigi P et al. Risk Factors in Surgery. Journal of
Chemotherapy. 2001; 13(sup4):6-11.
53. Emele FE, Izomoh MI, Alufohai E. Microorganisms
associated with wound infection in Ekpoma, Nigeria.
West Afr J Med. 1999; 18(2):97-100.
54. Mama M, Abdissa A, Sewunet T. Antimicrobial
susceptibility pattern of bacterial isolates from wound
infection and their sensitivity to alternative topical agents
at Jimma University Specialized Hospital, South-West
Ethiopia. Annals of Clinical Microbiology and
Antimicrobials. 2014; 13(1):14.
55. Okoli C, Akah P, Okoli A. Potentials of leaves of Aspilia
africana (Compositae) in wound care: an experimental
evaluation. BMC Complementary and Alternative
Medicine. 2007; 7(1):24.
56. Abere TA, Onwukaeme DN, Eboka CJ. Pharmacognostic
evaluation of the leaves of Mitracarpus scaber Zucc
(Rubiaceae), 2007; 6.
57. Ulubelen A. Cardioactive and antibacterial terpenoids
from some Salvia species. Phytochemistry. 2003;
64(2):395-399.
58. Min BR, Pinchak WE, Merkel R, Walker S, Tomita G,
Anderson RC. Comparative antimicrobial activity of
tannin extracts from perennial plants on mastitis
pathogens. Sci Res Essays. 2008; 3(2):066-073.
59. Ijoma KI, Ajiwe VIE. Phytochemical Screening of
Dialium Indum Leaf extract (Velvet Tarmarind). Int J
Phytopharm. 2017; 7(1):06-13.
60. Haslam E. Natural polyphenols (vegetable tannins) as
drugs: possible modes of action. Journal of natural
products. 1996; 59(2):205-215.
61. Cowan MM. Plant products as antimicrobial agents.
Clinical microbiology reviews. 1999; 12(4):564-582.
62. French VM, Cooper RA, Molan PC. The antibacterial
activity
of
honey
against
coagulase-negative
staphylococci. J Antimicrob Chemother. 2005;
56(1):228-231.
63. Carnwath R, Graham EM, Reynolds K, Pollock PJ. The
antimicrobial activity of honey against common equine
wound bacterial isolates. The Veterinary Journal. 2014;
199(1):110-114.

~ 170 ~

