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Extractives from the root of Cissampelos owariensis, were screened for antimicrobial activity against 
Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli, Salmonella typhi, Pseudomonas 
aeruginosa, and Candida albicans. The crude methanol extract was found to be active against the test 
organisms except S. pyogenes and P. aeruginosa. The crude extract as well as the polar neutral fraction 
and the aqueous residue also showed very promising activity against three strains of Mycobacterium 
tuberculosis pathogens that are of commercial significance, at about 3000 µg/ml. Chromatographic 
separation of the hexane-soluble fraction of the crude methanol extract gave two partially pure 
extractives which on gas chromatography/mass spectrometry (GC/MS) analysis and comparison with 
Library computer data led to the identification of two compounds, namely  2H-
cyclopropa[a]naphthalene-2,5-dione,1,1a, 3,4,6,7,7a,7b-octahydro-1,1,7a,7b-tetramethyl, and 1,2-
benzenedicarboxylic acid, di-octyl ester.  
 
Key words: Cissampelos owariensis extracts, anti-tuberculosis activity, 1,2-benzenedicarboxylic acid, di-octyl 
ester, 2H-cyclopropa[a]naphthalene-2,5-dione,1,1a,3,4,6,7,7a,7b-octahydro-1,1,7a,7b-tetramethyl. 

 
 
INTRODUCTION 
 
Cissampelos owariensis is a plant under the family 
Menispermaceae which consists of about 70 genera and 
450 species found in tropical regions. C. owariensis is 
found in the wild in some West African countries, 
including Ivory Coast, Angola and Nigeria. In Nigeria, it is 
mostly found in parts of South-Western and North-
Eastern Nigeria and has been used extensively in African 
traditional medicine. The various parts of the plant are 
used widely for their healing properties (Bouquet and 
Debray, 1974; Watt and Breyer-Brandwijk, 1962; Dalziel, 
1937; Oliver, 1960; Bouquet, 1969; Bouquet and Debray, 
1974; Vermeer, 1976; Walker and Sillans, 1961; Oliver, 
1936). The crude extract of the roots and leaves of C. 
owariensis reportedly showed potent insecticidal activity 
against  some  storage  insects  (Niber  et al., 1992). Two  
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sesquiterpenes, owarienone and cissampelone, isolated 
from the root extract showed moderate to weak 
antimicrobial activity, while the crude ethanolic extract of 
the root reportedly exhibited mild antiviral activity against 
measles virus (Efiom et al., 2009). Some bioactive 
bisbenzylisoquinolines such as isochrondrodendrine, 
berberine and cycleanine have been reported from the 
roots and leaves (Oliver-Bever, 1986; Adegoke et al., 
1968). In this present study, the root was further 
investigated for new chemical constituents, particularly 
the neutral components which have not been commonly 
reported from the genus, and in particular the possible 
anti-tuberculosis activity in view of the use of some 
species for the management of whooping cough (Oliver, 
1960).  
 
 
MATERIALS AND METHODS 

 
The plant material, C. owariensis root, was collected from the field 
in  Damaturu,  Yobe  State, Nigeria  and  was  authenticated  at  the  
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National Institute for Pharmaceutical Research and Development, 
Idu, Abuja, where a voucher specimen, No. NIPRD/H/6569 has 
been deposited. All solvents and chemicals used are of analytical 
grade from Sigma Aldrich and BDH. Thin layer chromatography 
(TLC) plates were Whatman, partisil HPKF silica gel 60°A, 
florescence indicator, 10 × 10 cm, 200 µm thick. 
 
 
Equipment used  

 
The infrared (IR) spectra were recorded neat using Shimadzu 
Fourier Transform Infrared spectrophotometer and values were 
recorded in wave numbers (cm

-1
). The gas chromatogram and 

mass spectra were recorded with Shimadzu GCMS-QP2010 Plus 
with in-built Library data, while nuclear magnetic resonance (NMR) 
spectra were recorded with Varian Mercury VX 200 NMR 
spectrometer and values are in δ (ppm).  
 
 
Strains used 

 
Standard strains of microorganisms used for this study include: 

gram-negative bacteria such as Escherichia coli (NCTC 10418), 
Pseudomonas aeruginosa (NCTC 6750); gram-positive bacteria 
such as Staphylococcus aureus (ATCC 13704), Salmonella typhi ( 
ATCC 9184), Streptococcus pyogenes and the fungus Candida 

albicans (ATCC 10231) were obtained from the department of 
Medical Microbiology, Ahmadu Bello University Teaching Hospital, 
Zaria, Kaduna State, Nigeria. The strains of Mycobacterium 

tuberculosis were obtained from the Tuberculosis Research 
Department, Zankli Medical Centre, Utako District, Abuja, Nigeria. 

 
 
Extraction and chromatographic separation of extract 
 
The air dried pulverized root (900 g) was extracted with 5 L of 
methanol using the Soxhlet apparatus. The extract was filtered and 
concentrated in vacuo using a rotary evaporator to yield the crude 
extract (121 g). The crude extract (30 g) was separated on a 

column of silica gel (60 to 120 mesh) using mixtures of n-hexane, 
ethyl acetate and methanol to give 65 fractions. Similar fractions 
were then combined on the basis of their Rf-values. Further 
purification of the fractions by repeated column chromatography 
followed by preparative TLC gave six extractives, labelled REB-1 to 
REB- 6 of which only REB-1(9 mg) and REB-2(5 mg) were in 
reasonable quantity and were subjected to gas 
chromatography/mass spectrometry (GC/MS) analysis which 
showed that both REB-1 and REB-2 were partially pure. Spectral 
analyses of both, including 

1
H NMR for REB-1, gave some 

important characteristics. 
 
 
Antimicrobial screening of extractives 

 
The extractives, including the crude methanol extract and the 
chromatographic fractions REB-1 and REB-2, were subjected to 
antimicrobial screening. The zones of inhibition and minimum 
inhibitory concentrations (MICs) were determined using the well 
diffusion and broth dilution method, respectively. All isolates were 
checked for purity and maintained in slants of Nutrient agar for the 
bacteria and Sabouraud dextrose agar for fungus. The well 
diffusion method was used to determine the antimicrobial activities 
of the crude extract, fractions and isolates at different 
concentrations. Blood agar was the medium used as the growth 
medium and was prepared according to the manufacturer’s 

instructions, boiled to dissolution in a conical flask capped with 
cotton wool and sterilized by the use of autoclave at 121°C for 15 
min. The  media  was  cooled and poured into sterilized Petri dishes  

 
 
 
 
and the plates were allowed to cool and solidify. The medium was 
then seeded with 0.1 ml of the standard inoculum of the test 
organism, spread evenly by the use of sterile swab over the surface 
of the agar medium.  

The seeded plates were allowed to dry in the incubator at 37°C 
for 30 min. A standard sterile cork borer of 6 mm in diameter was 
used to cut a well at the centre of each seeded plate and the 
standard solution of the extract was then introduced into each well 
in the medium. The inoculated plates were then incubated at 37°C 
for 24 h after which the plates were observed for zones of inhibition 
of growth. The observed zones were measured with a transparent 
ruler and the values recorded in mm. Sparfloxacin and flouconazole 
were used as the controls. The MICs were based on McFarland’s 

turbidity scale number 0.5 (Barry and Thornberry, 1985). Nutrient 
broth was prepared according to the manufacturer’s instructions. 
Into each test tube, 10 ml of the broth was dispersed, sterilized and 
cooled. Serial dilution of the extract in the broth was made to obtain 
the concentrations of 50, 25, 12.5, 6.25 and 3.125 mg/ml. For the 
crude extract, the initial concentration was obtained by dissolving 
0.5 g in 10 ml of the broth. For the fractions, 0.01 g was dissolved in 
10 ml of the nutrient broth to obtain the concentrations of 1, 0.5, 
0.25, 0.125 and 0.0625 mg/ml. The standard inoculums (0.1 ml) of 

the microorganisms in the normal saline were inoculated into the 
different concentrations of the samples in the broth. The test tubes 
were incubated at 37°C for 24 h. The lowest concentration of the 
extractive in the test tube which showed no turbidity by inhibiting 
the growth of the microorganism after incubation was recorded as 
the MIC. 
 
 
Drug susceptibility testing against MTB complex 

 
7H9/OADC broth was dispensed into a sterile tube and 8 to 10 
small sterile glass beads were added to it. Clinical isolates from a 
young culture ≤14 days old were scraped to make >1.0 Mcfarland 
suspension. The suspension was transferred to another sterile tube 
and allowed to stand for another 15 minutes. The turbidity was 
adjusted to 0.5 Mcfarland turbidity standards using the broth and 
the solution diluted 1 in 100 and 1 in 10,000. Using a calibrated 

inoculation loop with an internal diameter of 3.0 mm or an automatic 
pipette, 10 µl or one loop of the suspension was dispensed onto an 
LJ drug slant. The LJ slant was rolled to ensure even spread over 
the surface. The tube was closed and incubated at 37°C. The LJ 
slants were checked for contamination daily for the first 3 days and 
read weekly for possible growth on the slants for 6 weeks (Barry 
and Thornsberry, 1985).    

 
 
RESULTS  

 
Extraction, followed by chromatographic separation of the 
n-hexane soluble fraction, led to the fractions REB-1 and 
REB-2 which on GC analysis showed they were only 
partially pure. The identification of the major components 
of REB-1 and REB-2 was based on spectral analyses:  
 
i. REB-1 -IR (Neat,cm

-1
): 2941, 1722, 1645, 1452, 1272, 

1045; MS(m/z, intensity %): 279(35), 167(40), 149(100, 
base peak), 113(35), 104(19), 84(15), 71(70), 57(97), 
41(60); 

1
H NMR (CDCl3): 0.8-0.9(6H, multiplet), 0.9-1.6[-

(CH2)n-, multiplet], 2.2[(-O-CH2-)2, multiplet], 7.2(2H, 
aromatic), 7.8(2H, aromatic).  
ii. REB-2 -IR (Neat, cm

-1
): 2937, 1750 (very weak 

carbonyl),   1722  (very   weak   carbonyl),  1645   (strong  
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Table 1. Sensitivity test results of the extractives of C. owariensis. 
 

Extractive 
Organisms 

Sa Sp St Ec Pa Ca 

Crude MeOH extract S R S S R S 

REB-1 S R S S S S 

REB-2 S R S S S S 

Sparfloxacin S S S S R R 

Flouconazole R R R R R S 

Methanol R R R R R R 

Hexane R R R R R R 
 

R, Resistant; S, sensitive; Sa, Staphylococcus aureus; Sp, Streptococcus pyogenes; St, Salmonella typhi; Ec, 
Escherichia coli; Pa, Pseudomonas aeruginosa; Ca, Candida albicans. 

 

 
 

Table 2. Zone of inhibition of the extractives of C. owariensis. 

 

Extractive 
Organism / Zone of inhibition (mm) 

Sa Sp St Ec Pa Ca 

Crude MeOH extract 27 0 20 22 0 21 

REB-1 25 0 24 21 21 17 

REB-2 21 0 20 18 16 17 

Sparfloxacin 32 37 24 27 0 0 

Flouconazole 0 0 0 0 0 32 

Methanol 0 0 0 0 0 0 

Hexane 0 0 0 0 0 0 
 

±6 mm (well diameter). Sa, Staphylococcus aureus; Sp, Streptococcus pyogenes; St, Salmonella typhi; Ec, 

Escherichia coli; Pa, Pseudomonas aeruginosa; Ca, Candida albicans; Sparfloxacin, 2 mg; Flouconazole, 2.5 mg.   

 
 

 
Table 3. MIC of the extractives of C. owariensis. 

 

Test organism 
Sample/MIC (µg/ml) 

Crude methanol extract REB-1 REB-2 

S. aureus 12, 500 125 125 

S. pyogenes 0 0 0 

S. typhi 12, 500 125 125 

E. coli 12, 500 125 250 

P. aeruginosa 0 125 250 

C. albicans 12, 500 250 250 
 

 
 

carbonyl), 1451, 1373, 1277, 1096; MS(m/z, intensity %): 
234(M

+, 
weak), 218(100, base peak), 203(90), 185(10), 

175(30), 161(20), 147(30), 133(30), 119(60), 91(80), 77(50), 
67(30), 55(40), 41(90), 40(10).  
 

The antimicrobial and anti-tuberculosis results are shown 
in Tables 1, 2, 3, 4 and Scheme 1. 
 
 

DISCUSSION 
 

The IR spectrum of REB-1 (Figure 1) showed the 
characteristic absorption band for the aromatic ester 
carbonyl  at  1722  cm

-1 
  and   α,   β-unsaturated   ketonic 

carbonyl at 1645 cm
-1

 for a cissampelone-related 
sesquiterpenoid (Efiom et al., 2009). Thus REB-2 is a 
mixture of two major components (Figure 2)  The MS of 
one of the two components, REB-1-GC-4 (GCMS: Scan 
at 3373, Retention Time = 31.100 min) compared 
favorably in all respects with the Mass Spectral Library 
data for 1,2-benezenedicarboxylic acid, di-octyl ester, 1 
(Figure 3). Accordingly, the MS showed a molecular ion 
peak at m/z 391 [M+1]

+
 and other significant peaks at 

m/z: 57, 71, 113, 149 (base peak), 167, and 279, Typical 
of phthalic acid diesters of long-chain alcohols (Sani and 
Pateh, 2009) (Figure 4). This was further supported by 
the   

1
H NMR   spectrum   (Figure  5)   which   revealed  a 
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Table 4. Anti-mycobacterial activity of extractives from C. owariensis root. 
 

Strain I.D.: MDR048(Multidrug resistant) 

10
-2 

10
-4

 -2  -4 -2  -4 -2  -4 -2  -4 -2      -4 -2    -4 -2     -4 -2        -4 

Control S I R E C1 (2980 µg/ml) C2 (4325 µg/ml) C3 (5000 µg) C4 (3320 µg/ml) 

4+ 2+ S   S 3+ 1+ 4+  2+ S    S S        S 1+     S 3+     1+ S      S 

         

Strain I.D.: ZMC128(Mixed strain) 

CT CT CT S CTCT S    S S CT S      S S      2+ S     CT S      S 

         

Strain I. D.: ZMC426(All susceptible strain) 

3+  3+ S  S S    S S   S S   S S       S S        S S       S S      S 
 

Key: S1 = Streptomycin (800 µg/ml), R = rifampicin (8 mg/ml), I = isonazid (20 µg/m E = ethambufol (200 µg/ml), C1 = C2 = extract, C3 = polar neutral 

fraction, C4 = residue, CT = contaminated, S = sensitive (no growth), 1 to 19 colonies (scanty growth), 20 to 100 colonies (1+), 100  to 200 colonies 
(2+), 200 to 500 colonies(3+), >500 colonies(4+), confluent growth. MDR048 (Multidrug resistant): Streptomycin, ethambutol, isoniazid and rifampicin 
are drugs currently used for Tuberculosis treatment (Arya, 2011). Isoniazid and rifampicin are the most potent (major) TB drugs. This strain is 

sensitive to streptomycin and ethambutol but resistant to Isoniazid and rifampicin as observed in Table 4 above, any strain resistant to isoniazid and 
rifampicin is referred to as Multidrug resistant strain. ZMC128 (Mixed strain): This strain is sensitive to rifampicin but resistant to isoniazid (major TB 
drugs). ZMC426 (All susceptible strain): This strain is sensitive to all the standards as shown in Table 4. These microbes are well characterized wild 
strains from patients’ sputum; the strains were confirmed by biochemical reaction and microscopy (Ziehl Nelson stain). The presence of serpentinoid 

cords confirms the Mycobacterium (MTB) complex. 

 
 
 
multiplet signal at δ 0.8 to 0.9, suggestive of the presence 
of two terminal methyl groups, a poly methylene signal in 
the range δ 0.9 to 1.6 which indicates the presence of a 
long hydrocarbon chain, a signal at δ 2.2 indicating the 
presence of two  groups of oxy-methylene protons of the 
ester functions, and two groups of proton signals 
downfield at 7.6 and 7.8, supporting the presence of two 
different groups of aromatic protons, meta and ortho to 
the carboxyl groups on the aromatic nucleus (Adeyemi 
and Okwute, 2009).  

The IR spectrum of REB-2 (Figure 6) showed a strong 
α, β-unsaturated carbonyl absorption at 1645 cm

-1
 for a 

cissampelos-related sesquiterpenoid as a major 
component, a weak carbonyl absorption at 1722 cm

-1 
for 

aromatic ester carbonyl group and ascribable to the 
phthalate as discussed above for the major component in 
REB-1 and a weak carbonyl absorption at about 1750 
cm

-1
 for a saturated 2, 5-diketone. The MS of REB-2-GC-

2 (Figure 7) in the GC of REB-2 (Figure 8) when 
compared with the Mass Spectral Library data revealed 
that it is related to cissampelos(2H–
cyclopropa[a]naphthalene-2-one,1,1a,4,5,6,7,7a,7b-
octahydro-1,1,7,7a-tetramethyl), 2 which was previously 
reported from the same plant (Efiom et al., 2009). The 
MS of REB-2-GC-2 gave a very significant base peak at 
m/z 218 and a very weak peak for the molecular ion (M

+
) 

at m/z 234. This means the compound has 16 units 
higher than Cissampelone 2, in molecular mass and may 
correspond to the presence of an additional oxygen atom 
in the skeleton of cissampelone. The exact position of the 
extra oxygen in the structure is however not clear but it 
may be accommodated as in compound 3, which is 2H-
cyclopropa[a]naphthalene-2,5-dione,1,1a,3,4,6,7,7a,7b-
octahydro-,1,7a,7b-tetramethyl.  The  proposed structure, 

3 has been supported by the MS fragmentation pattern 
as shown in scheme 1. 

Thus, loss of methane (CH4 = 16 units) from the 
molecular ion (M

+
, 234) gives m/z 218, the base peak ion 

which fragments sequentially to give other prominent 
peaks in the MS (scheme 1). 

The antimicrobial screening results showed that the 
crude methanolic extract was only weakly active against 
the entire test organisms, the zones of inhibitions 
observed were well above 14 mm and for an antibacterial 
agent to be regarded as sensitive to a micro-organism, it 
must produce a zone of inhibition greater than or equal to 
14 mm. The root of C. owariensis is therefore an effective 
antimicrobial agent (Barry and Thornberry, 1985). The 
difference in zones of inhibition reflects the varying 
degree of sensitivity of the bacteria to the crude extract 
and isolates. Sparfloxacin, the standard antibacterial 
agent used as the positive control was not active on P. 
aeruginosa while the isolates (REB-1 – 21 mm, REB-2 – 
16 mm) exhibited significant activity against this organism 
(Table 2). The extractives REB-1 and REB-2 were 
reasonably active at 125 to 250 µg/ml against all the 
organisms including the fungus, C. albicans, but with the 
exception of S. pyogenes (Table 3). These results have 
demonstrated greater antimicrobial activity by 
components of the extract though these components 
were not reported in the previous work on the plant. Also 
the crude extract, the polar neutral, and the residue have 
exhibited significant anti-tuberculosis activity againstthree 
strains of M. tuberculosis, the multi-drug resistant, the 
mixed strain, and the all susceptible strain (Table 4). This 
is the first report on the anti-tuberculosis activity of any 
species of the genus, although the traditional use of the 
plant  in  the  management  of  whooping  cough  in some 
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Scheme 1. MS Fragmentation pattern of 2H-cyclopropa[a]naphthalene-2, 5 
dione,1,1a,3,4,6,7,7a,7b-octahydro-1,1,7a,7b-tetramethyl.   
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Figure 1. Infrared spectrum of REB-1. 

 
 
 

  
 

Figure 2. Gas chromatogram of REB-1. 
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Figure 3. Comparative mass spectrum of REB-1-GC-4. 

 
 
 

 
 

 

Figure 4. Mass spectrum of B1 (dioctyl phthallate ester; Sani and Pateh 2009). 



 

28        Afr. J. Pure Appl. Chem. 
 
 
 

 
 
Figure 5. 

1
HNMR spectrum of REB-1. 

 
 
 

  
 
Figure 6. Infrared spectrum of REB-2. 
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Figure 7. Gas chromatogram of REB-2. 

 
 
 

  
 
Figure 8. Comparative mass spectrum of REB-2-GC-4. 
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West African countries has long been known (Oliver, 
1960). The crude extract and residue exhibited strong 
activity against M. tuberculosis complex at about 3000 to 
3300 µg/ml in comparison with Rifampicin, one of the 
potent and second line Tuberculosis drugs (Arya, 2011). 
These samples exhibit strong activity against the 
multidrug resistant strain as observed in Table 4 which is 
very promising.                                             
 
 
Conclusion 
 
The phytochemical studies of C. owariensis roots 
resulted in the identification of two new compounds from 
the root extract. The compounds are; 1, 2 - 
benezenedicarboxylic acid, di-n-octyl ester and 2H-
cyclopropa[a]naphthalene-2,5-dione-1,1a,3,4,6,7,7a,7b-
octahydro-1,1,7a,7b-tetramethyl. The crude extract of C. 
owariensis displayed significant activity against some 
gram-positive and gram-negative organisms including, S. 
aureus, S. typhi, E. coli, and C. albicans. The 
antibacterial, antifungal and anti-tuberculosis activity 
exhibited by the extractives in this study makes the plant 
C. owariensis a potential antibiotic agent and confirms 
the folkloric uses of the plant in medicine.  
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