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Abstract

The antibacterial activity of the aqueous, ethamokthanol and petroleum ether Soxhlet extracts of
sundried stem bark ddpathodea campanulata P. Beauv. (Bignoniaceae) was investigated bynigghe extracts
againstB. subtilis, E. coli, P. aeruginosa and S. aureus. The minimum inhibitory concentration (MIC) of the
methanol extract was determined against the foateba strains an€. albicans using the broth dilution method.
Four topical products were prepared by incorpogatime methanol extract @& campanulata (20 % w/w) into
aqueous cream, soft paraffin, emulsifying ointmantl simple ointment bases and evaluated for timeiitro
antimicrobial efficacy. The effect of storage tiroe the activity of the methanol extract &fcampanulata andS.
campanulata extract incorporated in aqueous cream base wasiralestigated. The methanol and ethanol extracts
showed good activity while the aqueous and petrolether extracts exhibited little activity. The meol extract
showed the best antibacterial activity. The MIGhe methanol extract @ campanulata was:C. albicans (45 - 50
mg/ml), B. subtilis and E. coli (50 - 55 mg/ml),P. aeruginosa (60 - 65 mg/ml),S. aureus (145 — 150 mg/ml).
Antimicrobial activity of S. campanulata in the topical bases was in the order: aqueouantre emulsifying
ointment > simple ointment > white soft paraffinntAnicrobial activity of S. campanulata in aqueous cream
decreased (p < 0.05) upon storage at room temperftu6-months. The antifungal activity of the imeatol extract
of S. campanulata was reduced (p < 0.05) upon storage while antivedtactivity was largely unaffected.
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I ntroduction

Spathodea campanulata P. Beauv. (Bignoniaceae) is a medium-sized plzait grows commonly in several

African countries such as Ghana, Nigeria, Gaboméaon and Senegal. Various partsSo€ampanulata are used
in Ghanaian traditional medicine for the treatmeindliseases. The stem bark is used for wound rggalihere it is
applied as a paste to the wound (Mensah et al.3)20@ther folklore uses of the plant in Ghana udel the
treatment of dyspepsia and peptic ulcer (stem lzauwtk leaf); arthritis and fracture (leaf, root bakd fruit);
toothache and stomach ache (stem bark); and stouheah(root bark and seed) (Agbovie et al., 2002).

The stem bark preparations of the plant are regddédiave wound healing (Houghton et al., 2005g64al., 2005;
Mensah et al., 2006), antimalarial (Makinde et B988; Amusan et al., 1996), molluscicidal (Mendesl., 1986;
Amusan et al., 1995), and hypoglycemic, anticomgleimand anti-HIV activities (Niyonzima et al., 1993999).
The stem bark contains several chemical substasumsas B-acetoxyoleanolic acid, siaresinolic acif-&etoxy-
12-hydroxyoleanan-28, 13-olide and oleanolic adigduela et al., 1988). Others include triterpirggthodic acid,
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spathoside, p-hydroxybenzoic acid and sitosteroH8-D-glucopyranoside (Ngouela et al., 1990; Mbossalet
2008).

The wound healing property of the stem barlSafampanulata has been attributed to its antimicrobial and
antioxidant properties (Mensah et al., 2003, 2006 extract is reported to exhibit a broad spectamtimicrobial
activity when tested against four strains of baatand a yeasfMensah et al., 2003), even though the level of
antimicrobial activity was reportedly weak at thencentration used (Mensah et al., 2006). The pgakhown to be
active againsPseudomonas solanecearum (Amusan et al., 1994). Chemical compounds isol&tatd the stem bark
of S, campanulata such as spathoside and p-hydroxybenzoic acidifisigntly inhibited the growth of both gram-
positive and gram negative bacteria (Mbosso et28I08). The antioxidant property of the stem batkazet was
demonstrated using the DPPH (2, 2-diphenyl-1-pihgrytazyl) test, with the extract showing a stromegctive
oxygen species scavenging effects (Houghton e2@05).

This study was undertaken to determine the antdiattactivity of different extracts db. campanulata
using the standard antimicrobial zone of inhibitiassay. Then vitro antimicrobial efficacy of topical products
prepared by incorporation of the methanol extrd@& campanulata into topical bases of varying aqueous/anhydrous
character was studied. The influence of storage timthe antimicrobial activity of the crude metblagxtract and
the extract incorporated in aqueous cream basénwastigated.

Materials and M ethods
Plant collection and preparation

The stem bark o6 campanulata (Voucher number FP/PH/SC201303/KOK) was obtained from the plant
situated on the campus of Kwame Nkrumah Universftyscience and Technology (KNUST), Kumasi, Ghana in
December, 2005. Authentication of the sample waseday a staff member of the Department of Pharmaasg
Faculty of Pharmacy and Pharmaceutical SciencedJ&N Kumasi. The collected stem bark was cleaned of
unwanted foreign materials, cut up into small pseemd dried in sunlight for a week. The dried matervas
coarsely milled with an electric mill, packed iradorown paper bag and stored at room temperatutreilaboratory
until used.

Test microorganisms

The microbial organisms used for the study werenGGrapositive bacteriaBacillus subtilis ATCC 6633,
Staphylococcus aureus NCTC 10788; Gram — negative bactertgscherichia coli ATCC 25922, Pseudomonas
aeruginosa NCTC 10662; and the yeaSandida albicans ATCC 10231. The test organisms were obtained fioen t
stocks of the Pharmaceutical Microbiology laboratofrthe Department of Pharmaceutics, Faculty @rRtacy and
Pharmaceutical Sciences, KNUST, Kumasi, Ghana. Bdwoterial strains were grown and maintained onienitr
agar at 37 °C, whil€andida albicans, was grown and maintained on Sabouraud’s dextrgaeat 30 °C.

Microbiological media, chemicals and standard drugs

Nutrient broth, nutrient agar, Sabouraud’s dextragar, white soft paraffin, yellow soft paraffinpal fat,
hard paraffin, cetostearyl alcohol, phenoxyethaaoblorocresol, emulsifying wax and liquid paraffirere obtained
from the Chemicals store of the Department of Plaaeutics, Faculty of Pharmacy and Pharmaceutidah8es,
KNUST, Kumasi, Ghana. Cicatfinantibiotic cream (GlaxoSmithKline, UK), each grasontaining: neomycin
sulphate 3300 units, bacitracin zinc 250 units, ykteine 2 mg, glycine 10 mg, dl-threonine 1 mg; and
chloramphenicol (1 % w/v) were used as standaribacterial agents. Miconazole nitrate cream (Luexlia)
containing miconazole nitrate 2 % w/v was used sisadard antifungal cream.

Plant extraction

The coarsely milled stem bark 8f campanulata was extracted separately using water, ethano?49@/'v),
methanol and petroleum ether as solvents. AboutgloDthe powdered sample was continuously extdaatith a
particular solvent by use of a Soxhlet extractippaaatus for 24 h. The extracts were filtered amwicentrated to
dryness under reduced pressure and controlled tabupe (50 - 55 °C) to obtain solvent-free semikeltracts. The
solvent-free semisolid extracts obtained were digethe antimicrobial studies.
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Antibacterial sensitivity testing

The antibacterial activity of extracts of the stéark of S, campanulata (10 % wi/v) reconstituted with
methanol was determined using the cup plate methodolten nutrient agar stabilized at 45 °C wasiedewith 0.1
ml of a 24 h broth culture of the test organisB) gubtilis, E. coli, P. aeruginosa and S. aureus) containing
approximately 16 cfu / ml in a sterile petri dish and allowed ta. $&'ells of 10 mm diameter were created with a
sterile cork borer and filled to about three-quartiell with 10 % wi/v solutions of the aqueous,athl, methanol,
and petroleum ether extracts of the stem bark. aampanulata. The plates were pre-incubated for 1 h at room
temperature to allow for diffusion of the soluticensd then incubated at 37 °C for 24 h. The zonéshdfition were
measured (mean £ SB~= 3). Chloramphenicol (1 % w/v) and methanol were useg@ositive and negative controls
respectively.

Deter mination of minimum inhibitory concentration (MIC)

The broth dilution technique was used to deterntiieeMIC of the methanol extract of the stem barlSof
campanulata (Yield = 15.4 % w/w) against the test organisi8terile test tubes containing 5 ml double strength
nutrient broth were added graded concentrationth®fmethanol extract d. campanulata (0 - 16 % wi/v). The
contents of the tubes were diluted with calculatetlimes of sterile water and inoculated with 0.2ahkhe test
organisms previously diluted to contain approxirhal® ° cfu / ml. A tube without an extract and anothethoit a
test organism were used as controls. The tubes wweubated at 37 °C for 24 h (bacteria) and at@ddt 72 h
(fungus) and observed for growth in the form obtdity. The experiments were conducted in tripécathe tube
with the lowest concentration of the extract whittowed no growth after incubation was taken androed as the
MIC.

Formulation of topical products

Four (4) topical bases of varying degrees of agsieminydrous character, namely: simple ointment BP,
emulsifying ointment BP, aqueous cream BP and wdufe paraffin BP were prepared by trituration icexamic
mortar with a pestle (British Pharmacopoeia, 1998)enty grams (20 g) of the semisolid methanol attiof S,
campanulata was incorporated into the various bases to olit@ihg of topical products containing 20 % w/wSpf
campanulata extract. The topical products of the extract wstoged in the refrigerator until they were used.

In vitro antimicrobial efficacy of topical products

The cup-plate method was used to assess the eshatitimicrobial efficacy of the four topical prodsic
prepared with the methanol extract of the stem lb&i® campanulata. A molten nutrient agar stabilized at 45 °C,
seeded with 0.1 ml of a 24 h broth culture of #& brganismRg. subtilis, E. coli, P. aeruginosa and S. aureus) and
containing approximately 10cfu / ml was used. Wells of 10 mm diameter weesatzd and filled to three-quarters
full with the topical products of the extract. Cita® cream and miconazole cream were used as stanfiartse
bacteria strains an@. albicans, respectively. The plates were pre-incubated forét room temperature to ensure
adequate diffusion and finally incubated at 37 8C24 h. Sabouraud’s dextrose agar was used tthesintifungal
activity of the topical products againSt albicans and the seeded plates were incubated at 30 °G @lays. The
experiments were run in triplicate and the zoneisluibition were determined and recorded (mean +rsD 3).

Effect of storage time on antimicrobial activity

The antimicrobial activity of freshly prepared matiol extract ofS. campanulata (20 % w/v) andS.
campanulata extract incorporated in aqueous cream (20 % w/a8 imvestigated using the cup-plate method. The
diameter of the wells was 10 mm. Nutrient agatgslavere seeded with 0.1 ml of a bacterial strachiacubated at
37 °C for 24 h whilst Sabouraud’s dextrose agaeplavere seeded with 0.1 ml©falbicans and incubated at 30 °C
for 3 days. The antimicrobial activity of the twansples was again determined after storage at reampdrature for
six months. Tests were carried out in triplicathe Zones of inhibition (mean + SB,= 3) were determined after
incubation.
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Results

Table 1 shows the antibacterial activity of aqueansthanol, ethanol, and petroleum ether extrafcten
stem bark ofS campanulata (10 % w/v) against four bacterial strajrk. coli, B. subtilis, P. aeruginosa and S.
aureus. The methanol and ethanol extracts exhibited higtvity while the agueous and petroleum ether etsra
showed little activity against the test organisri®r the methanol extract, antibacterial activigswn the orderE.
coli >B. subtilis >P. aeruginosa >S. aureus. For the ethanol extract, antibacterial activilyldwed the orderB.
subtilis > E. coli > P. aeruginosa > S. aureus. On the whole, the methanol extract of the stemk lid S
campanulata showed the highest antibacterial activity agathst test organisms. Chloramphenicol (1 % w/v), a
standard antibiotic showed a significantly highek(0.05) activity compared to the methanol, ethaagueous and
petroleum ether extracts & campanulata (10 % wi/v). The MIC of the methanol extract of tstem bark ofS.
campanulata was as follows:C. albicans (45 - 50 mg/ml)B. subtilis andE. coli (50 - 55 mg/ml), folP. aeruginosa
(60 - 65 mg/ml), an&. aureus (145 - 150 mg/ml).

Table 1: Antibacterial activity of the stem bark extractsSpathodea campanulata (10 % w/v)

Zone of inhibition (mm)

Extract

Bacillus Escherichia Pseudomonas Saphylococcus

Subtilis coli aeruginosa aureus
Methanol extract 7.50+1.29 8.75+61.2 6.75+0.50 5.75+1.89
Ethanol extract 6.00 £1.41 525+0.96 4.75+0.96 3.50 £ 0.58
Aqueous extract 2.00 £+1.41 3.50+1.29 2.25+0.50 1.25+0.96
Petroleum ether extract 5.50 = 1.29 30082 3.00+£1.83 2450.29
*Chloramphenicol (1  25.00 +0.00 24.33+1.15 25.33.98 22.33+0.58
% wiv)

*Chloramphenicol (1 % w/v) and methanol were use@asitive and negative controls, respectively.hdabl did
not show any zones of inhibition.

Table 2: Antimicrobial activity of the methanol stem barktract of Spathodea campanulata incorporated in
different topical bases (20 ¥w)

Zone of inhibition (mm)

Microbial Organisms Soft paraffin Simple ointment Emulsifying  Aqueous cream
ointment

Bacillus subtilis 11.00 +0.00 11.50 60.58 11.50 .58 22.00+0.82

Escherichia coli 11.00 +0.00 11.50 0.58 12.25 6©.50 20.25+0.96

Pseudomonas aeruginosa 0 0 11.00 40.00 15.50 .58

Staphyl ococcus aureus 15.50 +0.58 15.00 #©.00 15.00 #©.00 20.25 40.50

Candida albicans 0 11.50 +0.58 11.00 460.00 17.50 4.58

Table 3: Invitro antimicrobial efficacy of the methanol stem baxk&ct of Spathodea campanulata incorporated in
agueous cream base (20/v) against standard antibacterial and antifungaams

Zone of inhibition

Microbial Organisms (mm)
S campanulata (20% w/w) S .

X Cicatrin cream Miconazole cream

in agueous cream
Bacillus subtilis 22.00 +0.82 15.00 +0.00 N/A
Escherichia coli 20.25 +0.96 20.00 +0.00 N/A
Pseudomonas aeruginosa 15.50 +0.58 21.25 4%.50 N/A
Staphylococcus aureus 20.25 +0.50 18.5 .91 N/A
Candida albicans 17.50 +0.58 N/A 22.542.38

N/A = not applicable
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Table 2 depicts the antimicrobial activity of thettmanol extract of the stem bark®fcampanulata in four
topical basesS. campanulata in aqueous cream base had a significantly higbtvigy (p < 0.05) than the other
topical bases when tested against the test organiShe order of antimicrobial activity & campanulata in the
topical bases was as follows: aqueous cream > éginits ointment > simple ointment > white soft pHila  Table
3 compares the antimicrobial activity fcampanulata in aqueous cream base against two standard dBimgrin®
cream and miconazole cream. For antibacterial iagti® campanulata in aqueous cream had high activity (p <
0.05) @B. subtilis, S. aureus), similar activity E. coli) and low activity (p < 0.05)R. aeruginosa) compared to
Cicatrin® cream. For antifungal activity, miconazole crearhikited a high activity (p < 0.05) tha® campanulata
in agueous cream agairtalbicans.

Figure 1 shows the effect of storage time on theémacrobial activity of the methanol extract &
campanulata andS. campanulata in aqueous cream base. Storage of the methamralcextf S, campanulata had no
effect on the antibacterial activity while the &mtigal activity was lowered. Storage Sfcampanulata in aqueous
cream base resulted in a reduction of the antibatsnd antifungal activity of the product.

309
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£ z EZ=36-month SC extract
g 20+ HRE E=3IFresh SC in aqueous
= HH cream
i HE
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5 10 HE cream
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Figure 1: Effect of storage time on antimicrobial activity of
methanol stem bark extract of S. campanulata (SC) and SC in
agueous cream

Discussion

Aqueous decoctions of the stem barkSfcampanulata are used in Ghanaian traditional medicine for
wound healing where it is applied as a paste tomtiend. The plant material was sundried, as it is the nbtmed
in traditional application, being also the commdmasde of drying plant materials in Africa (Fennetlal., 2004).
The method and conditions used for the extractioth® plant material, though not used in traditioagplication,
were controlled in order to minimize possible atifformation. The antimicrobial activity of theest bark extracts
of the plant was investigated as the presence df sompounds may prevent wound and other skin tiofes,
especially by bacteria (Houghton et al., 2005). &b#ity of the stem bark extracts to prevent itifats is one of the
basis of its use in wound healing, as infected wisuakes a longer time to heal. The bacteria stretiwsen for the
study, namelyB. subtilis, S. aureus, E. coli, andP. aeruginosa, are commonly found in infected wounds (Jones et
al., 2000) whileC. albicans is a known human opportunistic pathogen (Mensalalet2004). Activity ofS.
campanulata extract against these organisms and others intptica wound infections would confirm the wound
healing property of the plant and validate its instolklore medicine.

The aqueous, methanol, ethanol and petroleum ektexcts ofS. campanulata demonstrated varying levels
of antibacterial activity against the test orgarisiihe methanol extract &. campanulata showed the best
antibacterial activity. The higher activity of theethanol and ethanol extracts may be due to higblebility of the
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active compounds in these solvents. Methanol ahdnel were better able to extract the active aotéral
compounds in the plant which exhibited higher amgtiwith higher zones of inhibition. The aqueousl getroleum
ether extracts had little activity against the taglanisms. This may possibly be due to lack ofideht quantities of
active compounds in the extracts at the dose levedsl (Taylor et al., 2001). The aqueous and etnolether
extracts may possibly be active against bactetrairs which were not tested in the current stusligaje et al.,
1999).

Chloramphenicol, a standard antibjotiad a better antibacterial activity than methaedract of S
campanulata (10 % wA). The antibacterial activity of various plant spacles been compared to that of standard
antibiotics (Parekh and Chanda, 2008). The antobiat activity of the extracts could be attributéa the
phytochemical constituents of the stem barkSoftampanulata which includes flavonoids, glycosides, tannins,
triterpenes and sterols (Ngouela et al., 1990; fAacet al., 1996; Kwapong, 2007). Recently, vasi@hemical
compounds have been isolated from the stem bafk efmpanulata including; p-hydroxybenzoic acid, spathoside
and oleanolic acid which have shown significanttedterial activity against a broad spectrum oftéaa (Mbosso
et al., 2008).

The MIC of the methanol extract®fcampanulata against the test organisms varied from 45 -150mhg/
with E. coli andB. subtilis being the most susceptible bacteria whilaureus was the least susceptibfe. albicans
was the most sensitive of the test organisms. Meesal. (2006) have reported that the methanagbetd of the
stem bark ofS. campanulata though active againg. coli and B. subtilis, had no activity againss. aureus, P.
aeruginosa and three yeast strains, includi@galbicans, at the maximum test concentration of 1000 pgfmthe
current study, a much higher test concentration evaployed which was active against all the testwigms. This
confirms the report of Farnsworth (1993) who intéchthat the antimicrobial activity of crude plattracts may
sometimes be demonstrated only with the utilizatblarge doses of the extracts.

The antimicrobial efficacy of theptoal preparations of. campanulata was best demonstrated when
aqueous cream, a relatively hydrophilic, oil-in-aatemulsion base was employed in its preparatiome T
antimicrobial compounds present in the extractseweteased more readily in the more water-miscégjgaeous
cream base than in the anhydrous (simple ointnaard)lipophilic (white soft paraffin) bases. Thuse trelease of
the antimicrobial compounds from the topical prddueduced with an increase in the hydrophobigdiplc
character of the topical bases employed. The artgbal activity ofS. campanulata in aqueous cream base (20 %
w/w) was higher than Cicatffrcream, a standard antibiotic cream used in wowatig. The antifungal activity of
S. campanulata in aqueous cream base was lower than that of razma cream, a standard antifungal cream.

Storage of the methanol extracBofampanulata at room temperature for 6-months had no effecthen
antibacterial activity of the extract, as the zoné&snhibition of the test bacterial strains weaggely unaffected.
Antifungal activity of the extract was however lawé upon storage. Storage $fcampanulata in aqueous cream
base for 6-months caused a significant reductioitsimntibacterial and antifungal activity due pblsto product
instability. There is, therefore, the need for lfiert studies into the stability of the extract atsctdpical preparations
to ensure the formulation of stable and efficaciprelucts for wound healing.

Conclusions

The study has demonstrated the antimicrobial agtfi the stem bark extracts 8f campanulata against
four strains of bacteria and a yea§l, albicans. The methanol extract ob. campanulata showed the best
antibacterial activity. Aqueous cream, a water-biectopical base, was a better vehicle for theast of the
antimicrobial compounds present 8 campanulata stem bark extract. The broad antimicrobial agtivif S.
campanulata is supportive of its folklore use in the treatmefitvounds and other topical infections.
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