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Abstract: Folkloric medicinal application of Clerodendrum capitatum in the treatment of tuberculosis was investigated.
Phytochemical analysis revealed the presence of carbohydrates, cardiac glycosides, steroids, triterpenes, alkaloids,
tannins and saponins. Hexane (HE), dichloromethane (DCM), ethyl acetate (EA) and methanol (ME) extracts of
C.capitatum leaves were evaluated for antibacterial and antifungal activities, against nine pathogenic bacteria and three
fungi; Shigella dysenteriae, Salmonella typhi, Corynebacterium ulcerans, Klebsiella pneumonia, Staphylococcus aureus,
Methicillin resistant Staphillococus aureus, Proteus mirabilis, and Streptococcus pneumoniae, Candida tropicalis,
Candida krusei and Candida albicans, using the agar-in-well diffusion method. Determination of zone of inhibition (ZI)
showed inhibition ranging from 17-26 mm (HE), 23-26 mm (DCM), 26-29 mm ( EA) and 20-23 mm (ME) against the
entire test organisms except Corynebacterium ulcerans. The results of the minimum inhibitory concentration (MIC)
showed that EA fraction inhibited the growth of all test organisms at a low concentration of 3.25 mg/mL except S. aureus
and C. albicans which were inhibited at 7.5 mg/mL. Higher MIC values were observed for HE (7.5-15 mg/mL), DCM
and ME fraction all showed MIC at 7.5 mg/mL. The microorganisms were completely killed at a higher concentration;
EA (MBC/MFC; 7.5-15 mg/mL), DCM (MBC/MFC; 15 mg/mL), ME (MBC/MFC; 15-30 mg/mL) and HE (MBC/MFC;
30 mg/mL). Antituberculosis evaluation reveals that the DCM extract had the highest activity with MIC of 0.675 mg/mL
against Mycobacterium bovis. The results clearly showed that the plant had potential that can be explored in the search
for anti-TB drug.
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INTRODUCTION

Tuberculosis (TB) remains a devastating
global public health problem, especially in developing
countries like Africa [3]. Globally, it has been observed
that more than one-third of the world's population
(about 2 billion) is infected with the bacterium that
causes TB [11]. Approximately 9 million people are
diagnosed with the disease of which 2 million people
die annually [5, 16]. Furthermore, the disease condition
is made worse by the emergence of drug-resistant
strains which render the treatment even more difficult.
TB treatment is always characterized by long regime of
treatment and multiple drug combination. These have
highlighted the need for a drug discovery pipeline to
ensure the availability of new chemical entities with
improved mechanisms of anti-TB action and shorter
duration of treatment [20].

In Nigeria, Clerodendrum capitatum has been wide
implicated in traditional medicinal application in the
treatment of tuberculosis, fever, obesity, diabetes
mellitus, diarrhoea, asthma, hypertension and erectile
dysfunction [18]. In Sudan, the roots of this plant are

used traditionally in the management of male erectile
dysfunction [9]. The genus Clerodendrum has been
reported to demonstrate versatile biological activities by
other researchers, such as; antitumorgenic [8],
hypoglycemic, hypolipidemic [4], hepatoprotective
activity against CCly-induced liver injury in rats [6],
anti-inflammation [2], radical-scavenging activity [1,
21], antidiarrhoeal [15], antinociceptive, and antipyretic
effects [10]. In the current investigation, we report our
findings on the biological evaluation of the methanol,
ethyl acetate, dichloromethane and hexane extracts of
leaves of Clerodendrum capitatum against pathogenic
bacteria, fungi and mycobacterium bovis in order to
detect new sources of antimicrobial and antitubercular
agents.

EXPERIMENTAL
Plant material

The plant material was collected fresh from
Zaria, Nigeria in September, 2013. Taxonomical
identification was done at the Herbarium of the
Biological Sciences Department, A.B.U, Zaria, Nigeria
and its voucher specimen with number 900688
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deposited there. The plant was air-dried under shade,
segregated and pulverized by mechanical pounding
using wooden mortar and pestle. The pulverized plant
material was stored away from moisture until needed.

Extraction of plant materials

The pulverized leaves of  Clerodendrum
capitatum (500 g) was carefully weighed and
macerated with 95% methanol for one weeks. The
extract was decanted, filtered and labeled. The process
was repeated three times for exhaustive extraction. The
three sets of extracts were combined on confirmation by
TLC. The combined methanol extract was partitioned
with hexane, dichloromethane and ethylacetate. The
extracts were concentrated in vacuum at 40°C using
rotary evaporator and later subjected to air drying to
give dried crude extracts.

Phytochemical screening

The hexane, dichloromethane, ethyl acetate
and the methanol extracts of the plant was subjected to
phytochemical screening using standard techniques [7].
The metabolites tested for included, carbohydrates,
tannins, saponnis, flavonoids, anthraquinones, cardiac
glycosides, steroids, terpenes and alkaloids.

Antimicrobial studies

The antimicrobial activities of the HE, DCM,
EA and ME extracts and standard drugs (Ciprofloxacin,
Sparfloxacin and Fluoconazole) were determined using
microbial strains and fungi obtained from the
Department of Medical Microbiology, Ahmadu Bello
University  Teaching  Hospital, Zaria, Nigeria
(ABUTH).The test microorganisms used are Shigella
dysenteriae, Salmonella typhi, Corynebacterium
ulcerans, Klebsiella pneumoniae, Staphylococcus
aureus, Methicillin resistant staphyllococcus aureus
(MRSA), Proteus mirabilis, Streptococcus pneumoniae,
Candida tropicalis, Candida krusei and Candida
albicans. The well diffusion method of [14], was used
to determine the antibacterial activity of the test
extracts. Pure cultures of the bacterial organisms were
inoculated on to Mueller Hinton Agar (MERCK) and
incubated for 24 h at 38 °C. About 5 discrete colonies
were aseptically transferred using sterile wire loops into
tubes containing sterile normal saline (0.85% NaCl) and
were adjusted to a turbidity of 0.5 MacFarland
Standard. The suspensions were then inoculated on the
surface of sterile Mueller — Hinton Agar plates using
sterile cotton swabs. A sterile 6 mm diameter Cork
borer was used to make holes (wells) into the set of
inoculated Mueller-Hinton Agar. The wells were filled
with different concentration of the test extracts. The
plates were incubated for 24h at 38 °C. All the tests
were performed in triplicate and the antibacterial
activities were determined as mean diameters of
inhibitory zone (mm) produced by the test extracts.

Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentrations (MIC)
were determined for the extracts using micro broth
dilution method in accordance with [22]. Serial dilution
of the least concentration of the extracts that showed
activity were prepared using test tubes containing 9 ml
of double strength nutrient broth (OXOID). The test
tubes were inoculated with the suspension of the
standardized inocula and incubated at 38 °C for 18 h.
Minimum inhibition Concentrations (MIC) were
recorded as the lowest concentrations of the compounds
showing no visible growth (turbidity) in the broth.

Minimum Bactericidal Concentration (MBC/MFC)

The minimum bactericidal and minimum
fungicidal concentration were determined by aseptically
inoculating aliquots of culture, from the minimum
inhibition concentration (MIC) tubes that showed no
growth, on sterile nutrient Agar (OXOID) plates and
incubated at 38°C for bacteria and 34°C for fungi for 48
h. The MBC/MFCs were recorded as the lowest
concentration of extracts showing no bacterial growth at
all.

Antituberculosis studies

Microbroth dilution method in Sterile 96
microwell plate was employed for the determination of
antimycobacterial activity of the extracts as described
by [13]. About 100 mg of each extract was transferred
into sterile bottles, dissolved with 0.5 ml dimethyl
sulphoxide (DMSO) and 0.5 ml distill water. The
extracts were further diluted (1:10) in 7H9 Middle
brook broth to give 10 mg/ml concentration. Into each
of the 96 microwell plate was transferred 50 pl of
sterile 7H9 broth starting from well 2 to 12. To each of
the first wells was added 100ul of 10% DMSO in
sterile media (prepared by dispensing 0.1 ml of DMSO
into 9.9 ml of 7H9 broth as control), 100 pl of 25 pg/mi
solution of rifampicin (standard) and 100 pl of each
plant extract. Using a multi-channel pipette, 50ul was
carefully removed from well 1 and added to well 2,
mixed thoroughly by pipetting up and down four times,
and the process continued to well 11 from which 50 pl
was withdrawn and discarded.

Inoculation

The 5-7 day old culture of BCG monitored on
UV spectrophotometer at 650 nm  (OD 0.2-0.3) was
diluted 1/1000 by adding 50 pl cell culture to 50 ml
7H9/ADC medium, where 50 pL of diluted culture was
inoculated to all wells of the plate. The plates were
incubated at 30 °C for 7 days and after incubation
stained with tetrazolium dye for growth/inhibition of
organisms. The column number of the row at which no
apparent growth was seen was recorded as activity.

RESULTS AND DISCUSSION
Phytochemical screening

Phytochemical screening (Table 1) of the
crude methanol, ethyl acetate, dichloromethane and
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hexane extracts revealed the presence of carbohydrates,
cardiac glycosides, alkaloids, tannin, flavonoids,
Saponins, steroids  and triterpenes. These
phytochemicals could be responsible for the
antimicrobial and antituberculosis activities exhibited
by the extract and hence justify the ethnomedicinal
uses of C. capitatum.

Antimicrobial screening

The antimicrobial activity of the extract
showed that all the extracts exhibited moderate to
good antibacterial and antifungal activity against all the
pathogens tested except Corynebacterium ulcerans,
Klebsiella pneumonia and candida tropicalis (Table
2).The ethyl acetate extract exhibited the highest zone
of inhibition (29 mm) against Shigella dysenteriae and
Salmonella typhi.The highest inhibition of fungal
growth (28 mm) was recorded against C. krusei.
Whereas hexane extract exhibited the lowest zone of

inhibition (17 mm) against streptococcus pneumonia
and (18 mm) against C. albicans and C. krusei (Table
3).The ethyl acetate extracts exhibited minimum
inhibitory concentration (MIC ) at 3.25mg/ml against
all the pathogenic organism except S. aureus and C.
albican which had MIC at 7.5mg/ml (Table 4.) The
MBC showed that the extract was bactericidal at 15
mg/ml against all of the test microorganism (Table 5.)

The anti-TB evaluation

The Antituberculosis activity of the extract
showed that the dichloromethane, ethyl acetate and
methanol extract were sensitive against Mycobacterium
bovis, but hexane extract was not. The
dichloromethane extract showed the highest activity
with minimum inhibitory concentration of 0.625mg/ml ,
ethyl acetate and methanol extracts howed equal
activity with MIC at 2.5mg/ml (Table 6).

Table 1: Phytochemical screening of the extracts of the leaves of Clerodendron capitatum

Metabolites HE DCM EA ME
Carbohydrate - + + +
Cardiac glycoside + + + +
Tannins - - + +
Saponins - - - +
Flavonoids - - + +
Anthraquinones - - - -
Steroids + + + +
Triterpenes + + + +
Glycosides + + + +
Alkaloids - + + +

Key: + = present, - = absent, HE = hexane extract, DCM = dichloromethane extracts, EA = Ethyl acetate extracts, ME =
Methanol extracts

Table 2: Zones of Inhibition (mm) of extractsand standard drugs

Test organism HE | DCM | EA | ME | Ciprofloxacin | Fluconazole | Sparfloxacin
MRSA 20 23 27 | 23 35 - 32
S. aureus 18 24 26 | 22 37 - 41
S. peumoniae 17 25 28 | 22 38 - 37
S.dysenteriae 19 26 29 | 23 39 - 40
S. typhi 18 24 29 | 21 41 - 32
K. pneumonia 0 0 0 0 40 - 37
E.coli 18 23 27 | 20 32 - 35
P. mirabilis 19 24 28 | 20 Nil - 36
C. albicans 18 23 26 | 21 Nil 36 -
C. krusei 18 24 28 | 21 Nil 34 -
Candida tropicalis | Nil Nil Nil | Nil Nil 35 -

Key: HE = Hexane extract, DCM= Dichloromethane extracts, EA = Ethyl acetate extracts, ME = Methanol extracts,
Ciprofloxacin = 5mg/ml, Sparfloxacin = 5mg/ml, Fluconazole = 5mg/ml
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Table 4: Minimum Inhibitory Concentration (MIC)

Concentration (mg/mL)
Test organism HE DCM EA ME
MRSA 75 75 3.25 75
S. aureus 15 7.5 7.5 7.5
S. peumoniae 15 7.5 3.25 7.5
S. dysenteriae 15 7.5 3.25 7.5
S. typhi 15 7.5 3.25 7.5
K. pneumonia 15 7.5 3.25 7.5
E.coli 15 7.5 3.25 7.5
P. mirabilis 15 7.5 3.25 7.5
C. albicans 15 7.5 7.5 7.5
C. krusei 15 7.5 3.25 7.5

Key: HE = Hexane extract, DCM= Dichloromethane extracts, EA = Ethyl acetate extracts, ME = Methanol extracts

Table 5. Minimum Bactericidal /Fungicidal Concentration (MBC/MFC)

Test organism HE DCM EA ME
MRSA 30 15 15 30
S. aureus 30 15 15 30
S. peumoniae 30 15 15 30
S. dysenteriae 30 15 7.5 15
S. typhi 30 15 15 30
K. pneumonia 30 15 15 30
E.coli 30 15 15 30
P. mirabilis 30 15 15 30
C. albicans 30 15 15 30
C. krusei 30 15 15 30

Table 6: Minimum Inhibitory Concentration (MIC) of the extracts against Mycobacterium bovis

Conc. (mg/ml) HE DCM EA ME Rf
5 - + + + +
2.5 - + +* +* +
1.25 - + - - +
0.625 - +% - - +
0.3125 - - - - +
0.156 - - - - +

Key:- = no inhibition; + = inhibition; +* = MIC; Rf = rifampicin

Phytochemical screening (Table 1) of the
crude methanol, ethyl acetate, dichloromethane and
hexane extracts revealed the presence of cardiac
glycosides, steroids and triterpenes in all the four
extracts, alkaloids and carbohydrate were absent only in
the hexane extract, tannins and flavonoids were present
in the ethyl acetate and methanol extracts. Saponins
were present only in the methanol extract, while
anthraquinones were absent in all the four extracts. The
use of Clerodendron capitatum in the treatment of
tuberculosis and other ailment seem to be justified, by
the presence of the different phytochemicals in the
plant. It has been reported that the major activity of
medicinal plants against ailments, is a function of the
amount of phytochemicals it can produce [12].
Flavonoids have been reported to be effective
antibacterial agent, against a wide array of

microorganism. Due to their ability to complex with
extracellular, soluble proteins and bacterial cell walls
leading to membrane disruption [19]. Antibacterial and
antifungal results (Table 2 - 5) showed that all the
extracts exhibited moderate to good antibacterial and
antifungal activities. Zone of inhibition (ZI)
determination shows inhibition ranging from 17-26 mm
(HE), 23-26 mm (DCM), 26-29 mm ( EA) and 20-23
mm (ME) against the entire test organism except
Corynebacterium ulcerans. As compared to the
standard drugs used as positive control (ciprofloxacin,
sparfloxacin; 32 - 42 mm, Fluconazole; 34 — 36 mm).
The EA was found to be the most active with ZI of 29
mm against S. dysentriae and S. typhi, ZI of 28 mm was
recorded against C. krusei. The results of the minimum
inhibitory concentration (MIC, Table 4) showed that
EA extract inhibited the growth of all test organisms at

389



Momoh H et al., Sch. Acad. J. Biosci., 2015; 3(4):386-391

a low concentration of 3.25 mg/ml except S. aureus and
C. albicans which were inhibited at 7.5 mg/ml. Higher
MIC values were observed for HE (7.5-15 mg/ml),
DCM and ME extract showed MIC at 7.5 mg/ml. The
microorganisms were not only inhibited but completely
killed at a higher concentration; EA (MBC/MFC; 7.5-
15 mg/ml), DCM (MBC/MFC; 15 mg/ml), ME
(MBC/MFC; 15-30 mg/ml) and HE (MBC/MFC; 30
mg/ml). The broad spectrum exhibited by the extracts
from this plant C. capitatum as shown in the
antimicrobial results lend credence to the traditional
uses of the plant in folk medicine. The anti-TB
evaluation shows that the plant extracts inhibits the
growth of Mycobacterium bovis, DCM extract showed
the highest activity with MIC of 0.625 mg/ml. The EA
and ME extracts inhibited the growth of Mycobacterium
bovis at MIC of 2.5 mg/mL, no activity was recorded
with HE fraction. The use of C. capitatumin the
treatment of TB and other diseases in Northern Nigeria
seem to be justified and offer possibilities that can
explore in the search for new drugs.

CONCLUSION

The results of this investigation support the
claims by other researchers that medicinal plants inhibit
Mycobacterium bovis [20]. Therefore, offer endless
possibility in the search for lead candidates from plants
that could serve as antibacterial, antifungal and anti-TB
drug(s). Clerodendron capitatum is indeed a useful
breakthrough in the search for alternative natural
medicine for the treatment of tuberculosis and various
diseases.
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