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ABSTRACT

This study was aimed to evaluate antimicrobial and wound
healing effects of root bark extract and fractions of Nauclea
diderrichii Merrill (Rubiaceae). Dried root barks of N. diderri-
chii was extracted using methanol and dichloromethane (1:1)
to obtain methanol-dichloromethane extract (MDE). The MDE
was fractionated using chromatographic techniques to obtain
n-hexane (HF), ethylacetate (EF) and methanol (MF) fractions.
The antimicrobial effect was tested against selected organisms
using agar diffusion and agar dilution technique to determine the
inhibition zone diameters (1ZD) and minimum inhibitory concen-
trations (MICs). The excision wound model was used to assess
the wound healing properties of MDE (5, 10 and 20%) and com-
pared it with that of bacitracin and neomycin powder (BNP, stan-
dard) in rats. Phytochemical screening and acute toxicity test
were performed using standard procedures. Results showed
that extract and fractions exhibited antimicrobial effect with 1ZD
(mm, 40 mg/ml) against tested organisms. The EF exhibited the
best antimicrobial activity with 1ZD of 30, 8, 15, 8 and 12 against
Staphylococcus aureus, Staphylococcus cohnii, Pseudomonas
aeruginosa, Klebsiella aerogenes and Aspergillus flavus, re-
spectively. The EF also gave an MIC (mg/ml) of 0.63, 20.00, 1.25,
20.00 and 0.63 for S. aureus, S. cohnii, P. aeruginosa, K. aero-
genes, and A. flavus, respectively. The MDE showed a compa-
rable wound healing effect with BNP, although with better effect
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on day 20 with 100% wound contraction while
BNP gave 93.79%, post wound excision. There-
fore, N. diderrichii root bark possesses antibac-
terial, antifungal and wound healing properties.

Key words: Nauclea diderrichii, antibacterial
and antifungal activity, phytochemical screening,
wound healing.

1.0 Introduction

The high incidence of microbial resistance to cur-
rent standard antimicrobial agents has spurred a
renewed interest among researchers to explore
medicinal plants and other natural products for
possible isolation of potent phytoconstituents
with antimicrobial properties!'. Preparations of
medicinal plants are used in folkloric medicine
in diverse cultures of the world to treat infections
caused by pathogens. Researchers in the area of
natural products pharmacology have shown that
extracts of several medicinal plants are endowed
with antimicrobial activities®? * 4. In folkloric med-
icine, Nauclea diderrichii Merrill (Rubiaceae) is
among the medicinal plants used in the treat-
ment of infectious diseases. The plant, which
is a native of West and Central Africa, has its
root bark decoction being used in the treatment
of gonorrhoea, anaemia, stomach ache and in-
digestion, while a decoction of its leaves is used
as a wash for measlesl. Additionally, antimalar-
ial and antiplasmodial®® 71, antileishmanial’®, and
antitrypanosomal®, activities of Nauclea diderri-
chii have been reported. In Nigerian folk medi-
cine, the root bark preparation of N. diderrichii is
used in treatment of bacterial infections such as
gonorrhea, fungal infection, malaria, fever and
cough. Therefore, the aim and objective of this
research work is to ascertain the antimicrobial
and wound healing effects of N. diderrichii in or-
der to validate its folkloric use and also to pave
way for the possible identification or isolation of
the active phytoconstituent(s) responsible for the
purported activity.

2.0 Materials and Methods

2.1 Microorganisms
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Bacteria used are Staphylococcus aureus,
Staphylococcus cohnii, Enterococcus faeca-
lis, Streptococcus pneumonia, Escherichia coli,
Pseudomonas aeruginosa, Klebsiella aerogenes
and Proteus mirabilis, while fungi species are
Candida albicans and Aspergillus flavus. These
are clinical isolates obtained from Adonai Medi-
cal Laboratory, Nsukka, Nigeria.

2.2 Animals

Adult Sprague-Dawley rats (150-200 g) and mice
(18-30 g) of either sex were obtained from the
Animal House facility of the Department of Phar-
macology and Toxicology, Faculty of Pharma-
ceutical Sciences, University of Nigeria, Nsukka.
They were kept in standard cages under labo-
ratory conditions and were fed with pellet feed
(Guinea feed) and water ad libitum. All animal
experiments were conducted in compliance with
NIH Guidelines for Care and Use of Laboratory
Animals (Pub. number 85-23, revised 1985) and
in accordance with the University Ethics Com-
mittee on the use of laboratory animals.

2.3 Preparation of extract

Fresh root barks (2 kg) of N. diderrichii were col-
lected from Calabar, Cross River State, Nigeria
in July 2015 and taxonomically identified and
authenticated by Mr. Alfred Ozioko of the Inter-
national Centre for Ethno-medicine and Drug
Development (InterCEDD), Aku Road, Nsukka,
Enugu State, Nigeria. The number of voucher
specimen is InterCEDD-0715. The root barks
were washed, dried, pulverized into coarse pow-
der and extracted with methanol and dichloro-
methane in the ratio of 1:1 by cold maceration
for 48 h, filtered and concentrated. The yield was
dichloromethane-methanol extract (MDE), which
was stored in a refrigerator for further use.

2.4 Solvent guided fractionation

The MDE (50 g) was subjected to solvent-guided
fractionation in a silica gel (70-220 mesh, Merck
Germany) and successively eluted with n-hex-
ane, ethyl acetate, and methanol in order of in-
creasing polarity. The fractions were concentrat-
ed under reduced pressure in a rotary evaporator
and yielded the various fractions; n-hexane frac-
tion (HF), ethylacetate fraction (EF), and metha-
nol fraction (MF) which were stored separately in
amber-coloured containers in the refrigerator for
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further studies.

2.5 Qualitative phytochemical screening

Qualitative phytochemical screening was per-
formed on the MDE using standard procedures
as described by Trease and Evans!'® and Har-
bonel'!], to test for the presence or absence of
phytochemicals or plant secondary metabolites.

2.6  Acute toxicity study

The estimated lethal dose (LD, of the plant
extract was performed in accordance with the
method described by Lorke!'?. Briefly, in the first
phase, nine (9) mice were divided into 3 groups
of 3 mice per group, and treated with the MDE
per oral through a gavage, at the doses of 10,
100, and 1000 mg/kg respectively. In the second
phase, 3 mice were treated with MDE doses of
1600, 2800 and 5000 mg/kg respectively, while
the fourth mouse was used as control. The ani-
mals were observed for clinical signs and symp-
toms of toxicity like behavioural changes and
mortality within 24 h and the LD, determined.

2.7 Antimicrobial assay

The cup plate agar diffusion method was used
according to International Society of the Learn-
ing Sciences (ICLS) in the determination of I1ZD.
A 400 mg quantity each of the MDE, HF, EF and
MF was dissolved in 10 ml DMSO (5% v/v). Then
two-fold serial dilutions of this stock (40 mg/ml)
were prepared up to five (5) concentrations. On
the other hand, 1 mg each of the standard agents
was dissolved in 10 ml of DMSO (5% v/v) and
ten-fold serial dilutions made to obtain 10 pg/ml
of the standard antibacterial, ciprofloxacin, and
standard antifungal agent, fluconazole, which
were used as positive control for the bacteria
and fungi, respectively. The test organisms were
prepared with a 0.5 McFarland standard and sub
cultured at 37 °C and maintained on nutrient agar
medium for bacteria, and Sabouraud agar medi-
um for fungi. A 0.1 ml of the test organisms were
transferred from the inoculums into the previous-
ly sterilized (dry heat 160 °C for | hour) Petri dish-
es. Then 20 ml of sterile molten agar (autoclaved
at 121 °C for 1 hour) was poured and thoroughly
mixed by swirling for proper homogenization. It
was allowed to set. Indelible marker was used to
divide the agar plate into sections corresponding
to the different concentration of a particular sam-

IJTCM: http://escipub.com/international-journal-of-traditional-and-complementary-medicine/

ple. Using a sterile cork-borer of 4 mm in diam-
eter five cups/wells was made, one cup to each
section. A 1 ml of the prepared extract, fractions
and standard agents were transferred into the
various cups while 50 pL of DMSO (5% v/v) were
used as a negative control. The seeded plates
were allowed to stand at room temperature for
about 15 minutes for pre-diffusion of the sample
solution into the agar. After this, the plates were
incubated at 37 °C and 25 °C for 24 hours for
bacteria and fungi respectively. After 24 hours
of incubation, zones of inhibition diameter (1ZD)
produced by these dilutions against each test or-
ganisms were measured and recorded.

2.8 Determination of the minimal inhibito-
ry concentration (MIC)

The Agar dilution method based on ICLS and as
previously described with modification!'?], was
used in the determination of the MIC. A 200 mg/
ml of the extract, MDE, was prepared by dissolv-
ing 500 mg of the extract in 2.5 ml of DMSO.
Two-fold serial dilution was prepared up to seven
(7) different concentration of the extract. Twenty
eighth (28) Petri dishes were sterilized using dry
heat sterilization (160 °C for 1 hour). About a 20
ml volume of sterile molten agar was poured into
each Petri dish and 50 uL of a particular con-
centration of a fraction was thoroughly mixed by
swirling and allowed to set. The solidified agar
was sectioned into 10 portions using indelible
markers at the bottom back of the Petri dish. The
microorganisms were streaked with the aid of an
inoculums loop. It was incubated at 37 °C and
25 °C for the bacteria and fungi, respectively, for
24 hours. The MIC was then determined from
the lowest concentration of each sample that
showed no growth and results recorded. The
same procedure was then repeated for the frac-
tions; HF, EF and MF.

2.9 Preparation of Ointment

A 60 g quantity each of ointment was prepared
from the root bark extract of N. diderrichii (MDE)
in concentrations of 5%, 10% and 20% using
white soft paraffin (WSP) as the ointment base.
The preparations were stored in separate con-
tainers for further use.

210 Wound healing excision model
A total of thirty rats were divided into five groups
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(n=5). The rats were pre-treated with xylazine
HCI (10 mg/kg intramuscularly) while ketamine
HCI at 50 mg/kg intramuscularly was used as
the anaesthetic agent. Then the dorsum of the
rats were shaved thoroughly and swabbed with
cotton wool soaked in 5 % chlorhexidine HCI
solution. A template of 20 mm in diameter was
placed on the dorsum of the animal and an in-
delible marker used to outline the diameter of the
wounds that were created. A full thickness skin
excision wound was then created using size 24
scalpel blade and diameter of the wounds was
measured with a meter rule as previously de-
scribed!* '8, Groups A, B and C each was treat-
ed with 5%, 10% and 20% ointment of the MDE,
respectively, while group D was treated with bac-
itracin 250 units and neomycin sulphate 3,300
units powder (Cicatrin®, GSK Pharma., Nigeria)
(BNP) as positive control, while group E received
white soft paraffin (WSP) as negative control.
All treatments were done topically. The animals
were housed individually in metal cages, the ap-
propriate quantity of the MDE applied once a day
on each animal from day zero till wound heals or
up 21%t post wounding day. The wound diameter
was measured and recorded on alternate days
by using a translucent paper and measuring the
diameter therein, while the wound areas on sub-
sequent days were compared with the wound
area on day zero (surgical day) and percentage
contraction was calculated as the difference be-
tween the initial wound area and the wound area
of the each day divided by the initial wound area
and multiplied by 100.

Percent wound contraction (%) = W, - W./W x
100

Where; W, is wound area on day 0; W is wound
area on subsequent days

2.11 Statistical analysis

Data obtained was analyzed using one way anal-
ysis of variance (ANOVA) subjected to Dunnett’s
multiple comparison post hoc test. Differences
between means were accepted to be significant
at P < 0.05 and the results expressed as mean

+ SEM.
3.0 Results

3.1 Qualitative phytochemical screening
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The preliminary qualitative phytochemical
screening of MDE of N. diderrichii revealed that
alkaloids, saponins and carbohydrates were
abundantly present while flavonoids, resins, and
steroids were moderately present (Table 1).

3.2  Acute toxicity study (LD,,)

The MDE gave an estimated LD, greater than
5000 mg/kg as no death was observed in the
groups after 48 h treatment. Also no visible sign
of acute toxicity was observed. Therefore, MDE
could be reasonably safe to animals and hu-
mans.

3.3 Antimicrobial assay

The result of the sensitivity test showed that
the extract and fractions exhibited antimicrobi-
al activity against the selected organisms. The
EF manifested highest antibiotic activity with an
IZD of 30.0 mm against S. aureus while HF gave
20.0 mm against same S. aureus. Based on the
sensitivity assay the degree of order of antibiotic
activity was EF > HF > MF > MDE (Table 2). On
the other hand HF and EF exhibited antifungal
activity with HF showing an 1ZD of 10.0 and 12.0
against Candida albicans and Aspergillus flavus,
respectively, while EF also showed an [ZD of
12.0 against Aspergillus flavus while the DMSO
(5% v/v) showed no inhibition to the various or-
ganisms tested (Table 2).

3.4 Minimum inhibitory
(MIC) determination

concentration

The result of the MIC showed that the EF had
the best MIC where; S. aureus (0.63 mg/ml), P.
aeruginosa (1.25 mg/ml) and A. flavus (0.63 mg/
ml). The MF showed the lowest MIC where; S.
cohnii (20.00 mg/ml). The order of antibiotic ac-
tivity with respect to the MIC is as follows; EF
> HF > MDE > MF (Table 3). EF also exhibit-
ed MIC of 0.63 against A. flavus better than HF
which showed an MIC of 5.0 (Table 3).

3.5 Wound healing excision model

The percentage wound contraction (PWC) of the
MDE preparations showed comparable wound
healing with the standard agent. The first two
weeks (14 days) of treatment revealed that BNP
exhibited better wound healing effect compared
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Table 1: Qualitative phytochemical screening of extract and fractions

Phytoconstituent Inference
Flavonoids ++
Alkaloids +++
Saponins +++
Tannins -
Resins ++
Proteins +
Carbohydrate +++
Reducing sugars +++
Hydrolysis test for glycosides +
Fats and oils -
Steriods ++
Terpenoids +

Cardiac Glycosides

Key: + = present; ++ = moderately present; +++ = abundantly present; - = absent.

Table 2: Inhibition zone diameter of extract and fractions

40 mg/ml (mm)

10 pg/ml (mm)

S/N Organisms MDE HF EF MF Clprgifrl‘oxa- Fluconazole
1  Staphylococcus aureus 6.0 20.0 300 + 20.0 NT
2  Staphylococcus cohnii 6.0 + 8.0 6.0 16.0 NT
3 Enterococcus faecalis + + 6.0 8.0 13.0 NT
4  Streptococcus pneumo- + + + + 18.0 NT

nia
5 Escherichia coli + 10.0 + + 19.0 NT
6 Pseudomonas aerugi- 10.0 15.0 15.0 10.0 22.0 NT
nosa
7  Klebsiella aerogenes + + 8.0 + 13.0 NT
8 Proteus mirabilis + + + + 11.0 NT
9 Candida albicans 20 10.0 + + NT 20.0
10 Aspergillus flavus + 12.0 120 + NT 16.0

Key: (+): no activity; (NT): not tested. 5% DMSO = no activity.
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Table 3: Minimum inhibitory concentrations (MICs) in mg/ml

S/N Organisms MDE HF EF MF
Gram positive bacteria
1 Staphylococcus aureus  0.63 5.00 0.63 +
2 Staphylococcus cohnii 20.00 + 20.00 20.00
3 Enterococcus faecalis + + 20.00 >20.00
4 Streptococcus pneumo- + + + +
nia
Gram negative bacteria
S Escherichia coli + S + +
6 Pseudomonas aerugino- 20.00 10.00 1.25 >20.00
sa
7 Klebsiella aerogenes + + 20.00 +
8 Proteus mirabilis + + + +
Fungi
9 Candida albicans 5.00 +
10 Aspergillus flavus 5.00 0.63
+ = No activity, > = Greater than
Table 4: Percentage rate of wound contraction post wound excision
Post wounding MDE ointment (w/w)
e 5% 10% 20% BNP WSP
0 0.00 0.00 0.00 0.00 0.00
2 4.74+3.88 7.71+£3.59 21.67+2.69 7.72+1.40 8.00+0.63
4 10.01+£2.44 17.3914.81 22.04+4.90 23.40+2.32 19.201£0.40
6 25.68+4.48 43.53+6.88 | 33.00+11.20 | 44.6916.02 31.60+0.86
8 45.09+4.39 59.49+6.56 | 48.34+10.54 | 62.07+6.11 37.60+0.66
10 47.92+4.75 64.17+5.93 54.72+8.66 72.44+5.48 46.80+0.27
12 62.91+4.13 76.58+5.09 73.84+5.60 77.9947.05 61.3210.27
14 60.02+5.43 75.00+6.79 73.84+5.60 82.65+7.13 72.00£0.41
16 93.56+4.39 93.47+4.00 88.49+4.02 | 88.30+10.03 | 83.32+0.29
18 96.52+2.17 97.20+1.96 95.1413.05 86.41+8.41 86.68+0.87
20 100.00+.00 100.00+.00 100.00+.00 93.7946.21 94.004£0.50
22 100.00+.00 100.00+.00 100.00+.00 100.00+.00 | 100.00+0.00
24 100.00+.00 100.00£.00 100.00+.00 100.00+.00 | 100.00+0.00

All data were expressed as mean + SEM (n=5). Differences were considered significant at *P<0.05 when compared test
groups versus control; BNP = bacitracin and neomycin powder; WSP=white soft paraffin.
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to MDE, while afterwards MDE showed a better
wound healing activity than BNP with 100% and
93.79% wound contraction, respectively on day
20 post wounding. However, MDE at tested dos-
es showed non significant (p < 0.05) wound con-
traction effects compared to WSP, the negative
control indicating less potent activity (Table 4).

4.0 Discussion

Research has shown that medicinal plants
with antimicrobial effects often possess wound
healing properties!'¢ 1° 7. 1€\Wound normally oc-
cur when the continuity of the skin or mucous
membrane is broken and can be healed through
natural complex process involving series of co-
ordinated events such as coagulation, acute in-
flammation, proliferation of connective tissues,
synthesis of extra cellular matrix proteins, remod-
elling and collagen deposition!". Most cases of
wound contamination often involves a variety of
organisms such as Pseudomonas aeruginosa,
Staphylococcus aureus, Streptococcus faecalis,
Escherichia coli, Clostridium perfringes, Clostrid-
ium tetani, Coliform bacilli and enterococcust'’l.
The usual delay in the process of wound contrac-
tion, healing and epithelialisation could be due
to the presence of these infectious bacteria. The
extract and fractions of Nauclea diderrichii exhib-
ited potent antibacterial and antifungal activities
with wound healing properties. The antibacte-
rial studies revealed activity against both gram
positive and gram negative organisms indicating
broad spectrum of activity for Nauclea diderichii.
The extract and fractions of N. diderichii showed
antibacterial activity against the following organ-
isms; Staphylococcus aureus, Staphylococcus
cohnii, Enterococcus faecalis, Escherichia coli,
Pseudomonas aeruginosa, and Klebsiella aero-
genes. This potent antibacterial effect might
therefore, be a possible major contributing fac-
tor to the observed wound healing and epitheli-
alisation effects of the extracts. The EF showed
the highest antibacterial activity against Staphy-
lococcus aureus and Pseudomonas aeruginosa
with an MIC value of 0.63 and 1.25 mg/ml re-
spectively, which are often implicated in wound
infection. The observed antifungal effect of the
extract and fractions of N. diderrichii has also
correlated with its ethnobotanical use. However,
the EF based on the MIC showed the highest an-
tifungal activity against Aspergillus flavus. This is
an indication that N. diderrichii could be a good
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candidate for deep or systemic mycosis since A.
flavus is one of the fungi often implicated.

The phytochemical studies revealed the possible
phytoconstituents that could be responsible for
the claimed activity of N. diderrichii. Alkaloids,
flavonoids, terpenoids and saponnins which
were observed to be abundantly present in the
MDE have been reported to possess antimicro-
bial activity!?® 2" Furthermore, with reference to
the wound healing effect, flavonoids have been
shown to increase the viability of collagen fibrils
by causing an increase in the strength of colla-
gen fibres while alkaloids in the plants may in-
crease cell proliferation and thus increase the
rate of wound healing?> 23 Hence any or com-
bined effect of these phyto-constituents may be
responsible for the antimicrobial or/and wound
healing effect, although none could be ascribed
to be specifically responsible and neither mecha-
nism of action could be ascertained at this stage
of the work.

4.1 Conclusion

The extract and fractions of Nauclea diderri-
chi showed potent antibacterial, antifungal and
wound healing effects, and exhibited an estimat-
ed LD,, greater than 5000 mg/kg. Further stud-
ies are ongoing towards isolation of the active
phytoconstituent(s).
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