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ABSTRACT

As part of the project to identify plant natural products which modulate bacterial multidrug resistance (MDR) the methanol 
extract of Corynanthe pachyceras (Rubiaceae) K. Schum., were tested for in vitro antibacterial and resistance modifying 
activities against different bacterial strains including resistant staphylococcus SA1199B, RN4220 and XU212 possessing the 
Tet(K), Msr(A), and Nor(A) multidrug resistance efflux mechanisms respectively. Using the Micro-well dilution method the MIC 
of the stem bark extract ranged between 128-512μg/ml against the selected bacteria used. At 10μg/ml, none of the different 
extracts displayed any antibacterial action but in combination with tetracycline, erythromycin and norfloxacin, the stem bark 
extract displayed a 2-fold, 4-fold and 8-fold potentiation of activities of these antibiotics against XU212, SA1199B and RN4220 
possessing the Tet(K) [tetracycline resistant], Nor(A) [norfloxacin resistant] and Msr(A) [macrolide resistant] transporters 
respectively.
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INTRODUCTION

Medicinal herbs have been known to be a good source 
of  biodynamic compounds of  therapeutic value since 
ancient times. In recent times there has been a global 
trend for revival of  interest in herbal medicines (1). In 
Africa majority of  people use plant based medicines to 
treat illness and ailments and the demand for medicinal 
plants increases as the population grows (2).

Infectious and parasitic diseases resulting from a vast 
array of  microbes represent the main type of  ailment 
afflicting people from poor third world nations, including 
Ghana. For example, HIV/AIDS, tuberculosis, malaria 
and leishmaniasis among others represent some of  the 
most common viral, bacterial and protozoal diseases in 
the tropics, causing millions of  deaths each year (3).

Different classes of  antibiotics have been used to control 
bacterial infections. However, the usefulness of  existing 
antimicrobial agents is rapidly fading, tipping the balance in 
favour of  multi-drug resistant pathogens, including MRSA, 
and there appears to be few, if  any, new classes of  drugs 
currently in use to fight against the multi-drug resistant 
pathogens. Multidrug-resistance (MDR) exhibited by 
many bacterial species is a major problem in treating both 
hospital and community acquired infections. Many strains 
of  MRSA possess efflux pumps such as the specific TetK 
and MsrA transporters which export or extrude certain 
tetracyclines and macrolides, and the multidrug resistance 
proteins NorA and QacA which confer resistance to a 
wide range of  structurally unrelated antibiotics (4). The 
inhibition of  efflux pumps or mechanism in a bacterial cell 
could therefore be a means of  reversing resistance.
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A bacterial resistance modifying agent therefore, 
reduces the minimum inhibitory concentration (MIC) for 
an antibiotic to which resistance has already occurred. 
This could be of  great benefit in combinatory therapy, 
perhaps facilitating the re-introduction of  antibiotics that 
are no longer effective due to resistance (5).

Corynanthe pachyceras (Rubiaceae) K. Schum. is a 
lower storey forest tree growing in tropical West Africa. 
Locally known as Pamprama (Fantis), the plant is used in 
folklore as intoxicant, local anaesthetic, aphrodisiac and 
a febrifuge. It is also used in the treatment of  boils and 
chronic wounds (6).

As part of  an ongoing study to screen local plants for 
bacterial modulatory actions, C. pachyceras was assessed 
for its actions against different strains of  microorganisms 
including three resistant strains of  Staph. aureus; SA1199B, 
RN4220, XU212. We here report the effect of  the 
methanolic extract on the resistant Staphylococcus strains and 
also in combination with standard antibiotics tetracycline, 
erythromycin and norfloxacin respectively.

MATERIALS AND METHODS

Plant materials

Plant materials were collected in December, 2007 from 
the arboretum of  the Bobiri forest in the Ashanti 
Region of  Ghana and authenticated at the Department 
of  Pharmacognosy, College of  Health Science, Kwame 
Nkrumah University of  Science and Technology, Ghana 
where a herbarium specimen (FP/HM/132) have been 
deposited.

Preparation of  plant extract

Fifty five grams (55g) of  the dried powdered plant part 
(roots, stem bark, and leaves) was packed into a cellulose 
thimble (28×100 mm) and soxhlet-extracted with 400ml 
methanol (Sigma) over 48 hours until the material was 
exhausted. The extract was concentrated under reduced 
pressure using the rotary evaporator and dried over 
nitrogen to give a yield of  5.29, 4.91 and 3.32g respectively 
for roots, stem bark, and leaves.

Test organisms

The bacteria used for the tests were obtained from 
the National Culture Type Collection (NCTC), UK 
and included both Gram positive and Gram negative 
bacteria. The Gram positive bacteria used were Bacillus 
subtilis (NCTC 10073), Staphylococcus aureus (NCTC 4163) 
Streptococcus faecalis (NCTC 775), Micrococcus flavus (NCTC 
7743), as well as resistant strains of  Staph. aureus SA1199B, 

RN4220 and XU212. Gram negative bacteria used were 
Escherichia coli (NCTC 9002) and Pseudomonas aeruginosa 
(NCTC 10662).

Antibacterial assay

Inocula of  the microorganisms were prepared from 
the 24 h Mueller-Hinton broth (Sigma) cultures and 
suspensions were adjusted to 105CFU/ml. Minimum 
inhibition concentration (MIC) values of  the extracts were 
determined based on a micro-well dilution method (7). 
The 96-well sterile plates were prepared by dispensing 180 
μl of  the inoculated broth plus a 20 μl aliquot of  the plant 
extract made up in broth or 20 μl broth in the case of  
negative control in each well. Norfloxacin, erythromycin 
and tetracycline (Sigma) were included as positive controls. 
Plates were covered and incubated for 24 h at 37°C. 
Bacterial growth was determined after addition of  50 μl 
p-iodonitrotetrezolium violet (0.2 mg/ml, Sigma).

Bacterial modulation assay

The modulation assay was performed using 10μg/ml 
of  the extract to find the effect of  combining them 
with standard antibiotics norfloxacin, tetracycline 
and erythromycin on resistant strains of  Staph. aureus 
SA1199B (NorA), XU212 (tetK) and RN4220 (MsrA) 
respectively following the method of  Oluwatuyi et al. (8). 
100μl of  Muller-Hinton Broth (MHB) was placed in each 
well except wells in column 1. 200μl of  antibiotic was 
placed in wells of  column 1 and serially diluted 2-fold 
to give a dilution range 512-1μg/ml. To the wells in first 
three rows were added 100μl of  the extract (made so as 
to bring the net concentration in each well to 10μg/ml) 
except those in columns 11 and 12. To the wells in rows 
four to six were added 100μl of  reserpine (solution made 
so as to bring the net concentration in well to 10μg/ml). 
Wells in rows seven and eight were however, maintained 
free from both the extract and reserpine. Wells in columns 
11 and 12 were used as general and sterile controls 
respectively. Plates were incubated at 37°C for 24 hours, 
after which 20μl of  MTT was added to each well and 
incubated for further 30 minutes. Inhibition of  bacterial 
growth was visible as a clear well and the presence of  
growth detected by the presence of  a blue colour in the 
well. All experiments were performed in triplicate under 
aseptic conditions.

Phytochemical screening of  plant extracts

The methanolic extracts were used for the phytochemical 
tests. The screening procedures were adapted from Wall 
et al.,(9) and Harborne (10). The test for tannins was 
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carried out by subjecting 0.1g of  each plant extract in 
2ml of  distilled water, filtered and ferric chloride reagents 
added to the filtrate. For cardiac glycosides, Legal’s test 
and the Killer-Kiliani test were adopted (0.1g of  extract 
was added to 2ml acetic anhydride plus H2SO4). The test 
for alkaloids was carried out by subjecting 0.5 g aqueous 
extract in 5 ml 1% HCl, boiled, filtered and Mayer’s 
reagent added. Cyanogenic glycosides were identified by 
subjecting 0.1g extract in 5ml sterile water and filtered. 
Sodium picrate paper was added to the filtrate and heated 
to boil. The extract was also tested for carbohydrates using 
resorcinol solution. The extract was subjected to frothing 
test for the identification of  saponin. Haemolysis test was 
further performed on the extracts in water to remove 
false positive results. Fehling’s solution was added to the 
extract and heated to detect reducing sugar. The extract 
was also tested for free glycoside bound anthraquinones. 
Extract was added to 10 ml benzene, filtered and 
ammonia solution added. The presence of  flavonoids 
was determined using 1% aluminum chloride solution 
in methanol, concentrated HCl, magnesium turnins, and 
potassium hydroxide solution.

RESULTS AND DISCUSSIONS

The three different extracts from the various morphological 
parts showed moderate antimicrobial activity as indicated 
by their MICs (Table 1). The stem bark extract with 
MIC ranging 128-512μg/ml against all organisms tested 
however, was consistently more active than the others, 
including the resistant strains of  Staph. aureus, even 
though the difference in activity was not very significant. 
The standard antibiotics tetracycline, erythromycin and 
norfloxacin used as positive controls recorded the expected 
very low MICs except against the specific strains to which 
they were resistant. Thus showing the strength of  these 
antibiotics over the plant extracts in their capacity to deal 
with microbial infections.

The results of  the bacterial resistance modulation 
assay using a sub-lethal concentration, i.e, 10μg/ml, of  
the plant extracts in addition to different concentrations 
of  standard antibiotics showed that the stem bark and 
root extracts were able to reduce the MIC of  norfloxacin 
from 32μg/ml to 16μg/ml (2-fold potentiation) against 
SA1199B. The two different extracts also showed good 
modulation actions with erythromycin and tetracycline 
against RN4220 and XU212 respectively. Reserpine, 
which was used as control (11) had 4-fold potentiation of  
tetracycline activity against XU212 and norfloxacin activity 
against SA1199B (Table 2). However, reserpine had no 
effect on erythromycin against RN4220 (MIC 256 μg/ml) 
whilst the stem bark extract showed a significant effect 
(8-fold potentiation).

Phytochemical tests on the extracts established the 
presence of  reducing sugars, glycosides, saponins, 
condensed tannins and alkaloids.

However, the chemical profile of  the different 
morphological parts appeared similar which might explain 
the observed antibacterial action of  the plant. The study 
further shows that, like many other plants, the distribution 
of  chemical principles may not be uniform, with different 
parts of  the plant storing different metabolic intermediate 
or end products, or different levels of  same substances. 
Different classes of  compounds of  plant origin have been 
found to possess bacterial resistance modulatory actions 
(5). These include alkaloids, tannins and saponosides, 
diterpenoids, triterpenoids and steroids (12–14).

Microbiological resistance mutations may be expressed 
in several ways including production of  inactivating 
enzymes, changes in cell wall permeability, alterations 
to structural target, bypass of  metabolic pathway, 
changes in efflux mechanisms and multiple resistance 
mechanisms (15). Efflux pumps occur naturally in 
bacterial cells and are concerned with the removal 
of  waste products (16). However, changes in their 
conformation can make them remove antimicrobials. 

Table 1. Antimicrobial activity of C. pachyceras expressed as minimum 
inhibitory concentration (MIC; μg/ml)

Minimum Inhibitory Concentration (μg/ml)
Organism Bark Leaf Root TET ERY NOR
B. subtilis 128 >512 512 2 2 1
Staph. aureus 128 256 256 2 1 1
Strept. faecalis 256 512 256 4 8 2
M. flavus 128 512 256 1 1 1
E. coli 128 256 128 2 4 2
Ps. aeruginosa 250 >512 512 2 4 2
SA1199B 512 >512 >512 8 8 32
RN4220 512 >512 >512 128 4 4
XU212 512 >512 >512 8 256 4
Key; TET – Tetracycline; ERY – Erythromycin; NOR – Norfloxacin; n=3
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Gram positive organisms including Staph. aureus can 
show resistance to tetracyclines by this mechanism 
(17). However, it is common for organisms to exhibit 
resistance by using a combination of  two or more of  the 
above mechanisms. Macrolide resistance in Streptococci 
may be due to a combination of  increased efflux and 
ribosomal modification, a scenario commonly referred 
to as multi-drug resistance (18).

In this study, the observed potentiation of  the 
antimicrobial effects of  the standard antibiotics used 
(tetracycline, erythromycin and norfloxacin) after 
combining them individually with 10 μg/ml of  the plant 
extracts suggests it could modify the resistance mechanisms 
present. In the case of  SA1199B, RN4220 and XU212 
where the mechanisms of  resistance have been confirmed 
to be by efflux (5), some components in the extracts, in 
low concentrations may act as substrates for the efflux 
proteins which the resistant bacteria overexpress thus 
allowing the respective antibiotics to enter the bacterial 
cell to cause toxicity.

CONCLUSION

The study has shown that the methanolic extracts of  the 
stem bark, leaves and roots of  C. pachyceras have potent 
antibacterial and resistant modifying actions. All have broad 
spectrum antibacterial activity. The stem bark showed the 
greatest activity against the bacteria used. From the study 
it can be said that C. pachyceras is a potential source of  
useful anti-infective drugs. The high yield of  extract from 
the stem bark coupled with its high potency against the 
various organisms makes it the preferred morphological 
part to be used.
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