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ABSTRACT

Background: Dermatophytic infections have been considered to be a major public health problem. The
emergence of recalcitrant dermatophytosis, coupled with resistance of dermatophytes to existing antifungal
agents has necessitated the search for efficacious agents. Boerhavia diffusa is used as an ethnomedicinal plant.

Objective: To investigate the antidermatophytic activity of the extracts and ointment formulation of Boerhavia
diffusa

Methods: Boerhavia diffusa leaves were extracted with hexane, ethyl acetate and methanol using a soxhlet
apparatus. Fractionation of extracts was done using Vacuum Liquid Chromatography. Twelve dermatophyte
isolates were used for the study. Agar well diffusion and broth microbroth dilution methods were used for the
antifungal assay of extracts and fractions and to determine the minimum inhibitory and minimum fungicidal
concentrations. Crude leaf extract was formulated into water based ointment at concentrations of 0.5, 1 and 1.5
mg/ml. Antidermatophytic activity of the ointment formulation was carried out using Wistar rats infected with
Trychophyton rubrum ATCC 28188 and Epidermophyton flocossum. Haematological and histopathological
evaluations of animals were carried out.

Results: MIC and MFC of extracts ranged between 1.56 mg/ml-50 mg/mland 25 mg/ml- 100 mg/ml respectively.
The fractions showed highest inhibitory activities against Microsporum audouinii. Total clearance of infection
with ointment formulation (1.5 mg/ml) was achieved in one of the infected groups while clearance by
ketoconazole was achieved in all infected groups. Haematological studies revealed a significant increase in white
blood cells of the infected animals after treatment. Histopathological studies showed moderate epidermal
hyperplasia.

Conclusion: This study revealed that Boerhavia diffusa has antidermatophytic activities.

Keywords: Boerhavia diffusa, Dermatophytes, Ointment, Haematological, Histopathological
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RESUME

Contexte : Les infections dermatophytiques sont considérées comme un probléeme majeur de santé publique.
L'émergence de dermatophytoses récalcitrantes, associée a la résistance des dermatophytes aux agents
antifongiques existants, a nécessité la recherche d'agents efficaces. Boerhavia diffusa est utilisé comme plante
ethnomédicinale.

Obijectif : Etudier I'activité antidermatophytique des extraits et de la formulation de pommade de Boerhavia
diffusa

Méthodes : Les feuilles de Boerhavia diffusa ont été extraites avec de I'hexane, de |'acétate d'éthyle et du
méthanol a l'aide d'un appareil Soxhlet. Le fractionnement des extraits a été effectué par chromatographie
liguide sous vide. Douze isolats d'isolats de dermatophytes ont été utilisés pour I'étude. Des méthodes de
diffusion en puits d'agar et de dilution en micro-bouillon de bouillon de culture ont été utilisées pour le dosage
antifongique des extraits et des fractions et pour déterminer les concentrations minimales inhibitrices et
fongicides minimales. L'extrait brut de feuilles a été formulé en une pommade a base d'eau a des concentrations
de0,5,1 et 1,5 mg/ml. Activité antidermatophytique de la formulation de la pommade a été réalisée sur des rats
Wistar infectés par Trychophyton rubrum ATCC28188 et Epidermophyton flocossun. Des évaluations
hématologiques et histopathologiques des animaux ont été réalisées.

Résultats : la CMI et la MFC des extraits se situaient entre 1,56 mg/ml - 50 mg/ml et 25 mg/ml - 100 mg/ml,
respectivement. Les fractions ont montré les activités inhibitrices les plus élevées contre Microsporum audouinii.
La disparition totale de I'infection avec la formulation de la pommade (1,5 mg/ml) a été obtenue dans I'un des
groupes infectés tandis que la clairance par le kétoconazole a été obtenue dans tous les groupes infectés. Des
études hématologiques ont révélé une augmentation significative des globules blancs des animaux infectés
apréstraitement. Les études histopathologiques ont montré une hyperplasie épidermique modérée.

Conclusion : Cette étude a révélé que Boerhavia diffusa posséde des activités antidermatophytiques.

Mots clés: Boerhavia diffusa , Dermatophytes, Pommade, Hématologique, Histopathologique
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INTRODUCTION

Dermatophytic infections have been considered to be a
major public health problem in many parts of the world.
Infections caused by dermatophytes are known to be
difficult to treat. The infections are common in the
developing countries, and are of particular concerninthe
tropics, especially in infants and school children.™
Although these infections are rarely dangerous, they
could be life threatening in elderly or
immunocompromised patients. They possess significant
health risk, due to their distribution, frequency,
transmission and morbidity especially in cases of
underlying immunodeficiency. The steady increase in
the number of immunocompromised individuals has
resulted in an ever-growing number of serious fungal
infections due to both common (e.g., Candida albicans
and Aspergillus fumigatus) and uncommon (e.g.,
Candida krusei, Trichosporon spp., and Fusarium spp.)
fungal pathogens.’ Emergence of chronic diseases such
as diabetes and suppression of the immune defence
mechanism of the host have made humans more
susceptible to pathogenic fungi and fungi considered as
contaminants.* Dermatophytes which cause superficial
mycoses affect 20% to 25% of the world's population, and
the incidence is increasing. Even though superficial
mycoses don't cause mortality, it's associated with high
morbidity which affects the quality of life of infected
persons.’

Boerhavia diffusa (B. diffusa) Linn (Nyctaginaceae),
commonly known as punarnava, hog weed, red
spiderling or tervine is a specie of flowering plants that is
a herb which is widely dispersed in the tropics and
subtropics of the world. It occurs throughout tropical
Africa.®’ Boerhavia diffusa is known in Nigeria as Etiponla
or Olowojeja (Yoruba), Azeigwe (Igbo) and Babbajuju
(Hausa).? It has been used in ethnomedicine in treating
abdominal pain, dysentery, pneumonia, jaundice and
anaemia. The fruits are used as a diuretic, seeds are used
as expectorant and the leaves are used in treating
ophthalmic diseases, stomach disorder, wound, jaundice,
dyspepsia and menstrual symptoms.>*® It is usually eaten
as a vegetable and a good source of nutritional
supplements such as amino acids, vitamins and
calcium.™ B. diffusa is known to be used in the treatment
of infections caused by Streptococcus species, Neisseria
gonorrhoeae, Salmonella Typhi, Shigella dysenteriae,
Corynebacterium diphtheriae, Clostridium tetani, Bacillus
subtilis, Escherichia coli and some fungal species.’***
Several plants extracts and fractions have been shown to
have antifungal activities.”>***’ This study was aimed to

investigate the in vitro and in vivo activities of B. diffusa
onsome dermatophytes.

MATERIALS AND METHODS

Plant collection and preparation

The leaves of B. diffusa were collected from Ajibade area
in Ibadan, Oyo State, Nigeria and authenticated at
Forestry Research Institute of Nigeria (FRIN) with
herbarium voucher number FHI 112363. The leaves were
air-dried, milled to coarse powder, weighed and stored in
anairtight container for further use.

Plant extraction and fractionation

Successive extraction of powdered plant was carried out
using the soxhlet apparatus with hexane, ethyl acetate
and methanol. The plant extracts were concentrated
under reduced pressure with a rotary vacuum evaporator
(Heidolph Laborota, Germany). Vacuum liquid
chromatography (VLC) was carried out on the ethyl
acetate extract. Twenty gram of the extract was adsorbed
with 20 g of silica gel (60 - 200 mesh size) and elution was
carried out with 200 ml of different ratios of solvent;
Hexane 100%, chloroform 100%, Hexane 50%:
Chloroform 50%, Hexane 25%: chloroform 75%, Hexane
75%: chloroform 25%, Ethyl acetate 50%: Methanol 50%,
Ethyl acetate 75% methanol 25% and methanol 100%.
Thirteen fractions were collected which were spotted on
the thin layer chromatographic plates and developed
with different mobile phases and based on their TLC
profiles, the fractions were pooled together into seven
and labelled as BDE 1-7.

Phytochemical analysis

The plant fractions were screened for the presence of
secondary metabolites such as saponins, tannins,
flavonoids, cardiac glycosides, steroids, anthraquinones
and alkaloids using standard procedures.*®

Microorganisms

Fungal cultures were obtained from the Microbiology
Research Laboratory, National Institute for
Pharmaceutical Research and Development (NIPRD), Idu,
Abuja, Nigeria and the Department of Botany, Mycology
section, University of Ibadan. They include Trychophyton
rubrum ATCC 28188, Microsporum canis ATCC 26918,
Malassezia furfur, Trychophyton concentricum,
Trychophyton soudanense, Trychophyton schoenleinii,
Trychophyton mentagrophyte, Trychophyton equinium,
Trychophyton rubrum, Epidermophyton flocossum,
Trychophyton violaceum, Microsporum audouinii. Test
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organisms were inoculated on Dermatophyte Test
Medium to observe their viability and cultural
characteristics. They were cultured on urease agar and
observed microscopically using lactophenol cotton blue
stain. Organisms were maintained on slants until they
were required for use. The observed characteristics of
the organisms were compared with standard taxa.

Isolation and confirmation of dermatophytes

The fungal isolates were cultured on Dermatophyte Test
Medium (DTM) with incorporation of cycloheximide,
phenol red and chloramphenicol into sabouraud
dextrose agar. In order to identify the characteristic
dermatophyte macroconidia, a drop of lactophenol
cotton blue stain was placed on a slide and mixed with the
fungal colony using sterile forceps. This was covered with
a slide and examined microscopically under 100X to 400X
magnification.

Standardization of test organisms
Test organisms were inoculated into DTM and incubated
atthe temperature of 25°Cfor 24 hours.

Antifungal susceptibility testing (AFST)

The agar well diffusion method was employed using
Sabouraud dextrose agar (SDA). The inoculum used was
prepared using fungi from a 24-hour culture on DTM. A
suspension was made in a sterile saline solution (0.85%).
The turbidity of the suspension was adjusted with a
spectrophotometer at 530 nm to obtain a final
concentration to match that of a 0.5 McFarland standard
(0.5-2.5%103). Nineteen millilitre of SDA was melted and
allowed to solidify. One millilitre of the organism
suspension was inoculated on the surface of the agar and
evenly distributed using a sterile swab stick. Wells were
bored out of the agar with the aid of a sterile 8mm cork
borer, and 20ul of reconstituted plant extract was
dispensed into each well. Ketoconazole (10 mg/ml) was
used as a standard drug control. The plates were
incubated at 28 to 30 Cfor3-7 days!® Zones of inhibition
were measured to interpret the results obtained.

Minimum inhibitory concentration

The minimum inhibitory concentration (MIC) of the
crude extracts of Boerhavia diffusa was determined using
broth micro-dilution technique?®?! The extracts were
dissolved in Saboraud dextrose broth (SDB) to obtain
serial concentrations between the range of 0.391 and
100 mg/mL. Column 1 of the microtitre plate contained
200 ul of medium which served as sterility control,

columns 2-10 contained 100 pl of inoculum and 100 pl of
serially diluted extract, column 11 contained 200 pl of
inoculum (fertility or growth control) and column 12
contained 100 pl of inoculum and 100 pl of ketoconazole
(standard drug control).

The plates were incubated at 25°C for 72h. Fifty micro
litres (50 pl) of tetrazolium salt (2 mg/ ml) was added to
each well and incubated for about 30 minutes at 25°C. A
red colouration indicated the presence of fungal growth.
The lowest concentration that had no colour change was
taken to be the minimum inhibitory concentration (MIC).
To obtain the minimum fungicidal concentration (MFC),
10 pl of each serial dilution showing no visible growth
from MIC was taken from each well and streaked on
Sabouraud Dextrose Agar. The plates were incubated at
25°C for 48h. After incubation, the lowest extract
concentration that showed no fungal growth was taken
asthe MFC.

Formulation of plant crude extract into ointment
Emulsifying ointment (30 %w/w) was melted on a hot
water bath and chlorocresol (0.1 %w/w) was dissolved in
purified water (69.9 %w/w) with the aid of gentle heat.
The solution was added to the melted wax while still hot
with continuous stirring until it was cold to form the
ointment base. Ointment formulations containing three
different concentrations of the extract (0.5, 1and 1.5 mg/
ml) were prepared by mixing the required quantity of
extract with the cream base by continuous stirring until
an elegant product was formed and labelled as A, B, and C
respectively.?? Ketoconazole (10mg/ml) served as the
standard drug control.

Experimental animals

An ethical approval with number UI-ACUREC/052-
0521/26 was obtained from the Animal Care Use and
Research Committee (ACUREC), University of lbadan,
Ibadan, Nigeria forthe animal studies.

Forty-five healthy albino Wistar rats (120-150 kg) used in
this experiment were obtained from the Animal House of
the Faculty of Veterinary Medicine, University of Ibadan,
Nigeria. The animals were divided into nine groups of five
animals each and housed individually in cages under
standard environmental conditions of temperature and
humidity to acclimatize for fourteen days before the
commencement of the experiments. The animals were
fed with standard pellet diet and water ad libitum.
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Fungalinoculation and treatment

Part of the hair on the skin Wistar rats was totally scraped
and abraded by applying and removing adhesive tapes 3-
4 times after which 0.05 ml of the standard inoculum
(10° cells/ ml) was applied gently and rubbed with a
sterile flat blade into the shaved partand observed for 14
days. After the infection had been established with
physical evidence of brownish white scaly patch,
formulated cream was applied on the infected skin
surfaces.”® Ketoconazole served as the standard drug
control

Animals in Groups A-D were infected with Trichophyton
rubrum ATCC 28188 and treated with creams A, B, C
(containing 0.5, 1 and 1.5 mg/mL of extract) and
ketoconazole respectively. Animals in Groups E-H were
infected with Epidermatophyton floccosum and treated
with creams A, B, C and ketoconazole respectively.
Animals in Groups | infected with the organisms were
treated with ointment base without extract.

Haematological assessment

One millilitre (1 mL) of blood sample experimental
animal was withdrawn through the ocular capillary tube
into Ethylenediaminetetraacetic (EDTA) bottles to assess
the full blood count. A smear of the blood cell was made
on a glass slide and examined with the aid of scanning
electron microscope.

Histopathology
The animals were euthanised humanely. With the aid of

surgical scissors, skin samples were obtained from the
back of the animals. The skin biosy obtained were keptin
sample bottles containing 10% neutral buffered formalin
and transported to the laboratory for histopathological
examination.

Statistical analysis

Data were expressed as mean tstandard error (SE). Data
obtained were analysed using one way ANOVA at
probability level (p<0.05) of significance.

RESULTS

Qualitative phytochemical screening of B. diffusa
fractions showed the abundance of saponins, tannins,
cardiac glycosides, anthraquinones and alkaloids.

Antifungal susceptibility test (AFST) showed that the
isolates were mostly susceptible to hexane and ethyl
acetate crude extracts with the susceptibility more
pronounced in the ethyl acetate extract (Table 1). Zones
of inhibition ranged from 12 mm to 28 mm. The highest
zone of inhibition (28 mm) was recorded for ethyl acetate
extract with Trichophyton violaceum and Microsporum
audouinii. Methanol extract only inhibited the
Trichophyton rubrum ATCC 28188 at 100 and 50 mg/ml.
MIC for the test isolates ranged between <1.5625 and 25
mg/ml (Table 2). The ethyl acetate extract had the lowest
MIC values of less than 1.5625 mg/ml for all fungal
isolates. Minimum Fungicidal Concentration ranged
between 3.125 to >100 mg/ml for the test isolates
(Table 2).
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Table 2: Minimum inhibitory and minimum fungicidal concentrations of Boerhavia diffusa

Hexane Extract Ethyl acetate Extract Methanol Extract

MIC MEFC MIC MFC MIC MEFC
Isolates (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml)
TRY 25 >100 <1.5625 50 25 >100
MF 6.25 50 <1.5625 50 12.5 50
TC 12.5 50 <1.5625 25 25 50
MC <1.5625 50 <1.5625 25 <1.5625 25
TSo 50 >100 <1.5625 3.125 25 50
TSc 25 >100 <1.5625 50 25 >100
™ 25 50 <1.5625 25 25 >100
TE 25 >100 <1.5625 25 25 >100
TR 6.25 50 <1.5625 >100 6.25 25
EF 3.125 50 <1.5625 50 6.25 50
TV 6.25 >100 <1.5625 25 <1.5625 25
MA 6.25 >100 <1.5625 50 6.25 50

Key: TRY - Trychophyton rubrum ATCC 28188 MF - Malassezia furfur TC - Trychophyton concentricum
MC - Microsporum canis ATCC 26918 TSo - Trychophyton soudanense TSc - Trychophyton schoenleinii
TM - Trychophyton mentagrophyte TE - Trychophyton equinium TR - Trychophyton rubrum
EF - Epidermophyton flocossum TV - Trychophyton violaceum MA - Microsporum audouinii

MIC - Minimum inhibitory concentration MFC - Minimum fungicidal concentration.

Fractionation of the most active crude extract (ethyl acetate extract) by VLC yielded seven fractions
labelled A-G. The antifungal susceptibility of ethyl acetate fractions at 25 and 50 mg/ml on test isolates
showed that Microsporum audouinii, Epidermophyton flocussum, Malassezia furfur were sensitive to
most of the fractions (Table 3).
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Figure 1: Showing presence of infection on animal skin with a scaly patch appearance

Figure 2: Showing the healing process on the third day in one of the animals in Group G with the hair growing on the
infected part treated with ointment formulation

Treatment of rats infected with T. rubrum ATCC 28188 with Creams A, Band C (0.5, 1 and 1.5 mg/ml respectively) showed
little reduction in zone diameter of abrasion even after 14 days whereas treatment of rats infected with E. flocossum with
Creams A, Band Ccleared the infection within 7 days with no visible signs of abrasion on the 7th day. Treatment of infected
rats with ketoconazole showed slight treatment with rats infected with T rubrum but effective treatment with rats infected
with E. floccossum.

There were mild to moderate changes in the haematological parameters after treatment. There was moderate
thrombocytosis in the infected groups especially group H (p<0.05). There were remarkable changes in the white blood cell,
lymphocyte, neutrophil, monocyte and eosinophil counts (Table 6). There was significant leucopenia in animals infected
with Trychophyton rubrum ATCC28188 treated with 1.5 mg/mL ointment (group C) while there was leucocytosis in animals
infected with Epidermophyton floccosum treated with 1.5 mg/mL ointment (group G). Slight lymphocytosis was observed
inanimalsin group G.
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Histopathological examination of the skin layers of infected rats showed moderate epidermal hyperplasia characterised
by thickened granular layer of the skin, hydropic degeneration of keratinocytes and spongiosis in the stratum corneum.
There was loss of dermal adnexia including disappearance of follicles and sebaceous glands, moderate peri- folliculitis
and a few inflammatory cells in the dermis of Group A and C animals (Fig 3). In group G animals, remarkable epidermal
hyperplasia was observed with mild hydropic degeneration of keratinocytes, and also subepidermal inflammatory cells
(Fig 4). There were no observable lesions in Groups D, E and H animals. Histopathological examination of skin layer of
control animal showed that the dermis and epidermis were normal and there was no observable lesion (Fig 5).

X100 resolution
Figure 3: Group C

There was moderate epidermal hyperplasia with degenerate keratinocytes, perifolliculitis and a few inflammatory cells
(arrow)inthe dermis.

N

X100 resolution

Figure4:Group G

There was remarkable epidermal hyperplasia, and mild hydropic degeneration of keratinocytes (red arrow) and sub-
epidermalinflammatory cells (black arrow).
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X100 resolution

Figure 5: Control

There was no observable lesion. The epidermis and dermis are normal

DISCUSSION

The conventional medicine is increasingly receptive to
the use of antimicrobials and other drugs derived from
plants as traditional antibiotics are becoming ineffective
and new diseases remain intractable to such medicine.
The plant of study, Boerhavia diffusa is a herb used in
traditional medicine for the treatment of many ailments.
In this study, ethyl acetate extract of the leaves of B.
diffusa showed the highest antimicrobial activity against
the test isolates with zones of inhibition up to 28 mm at
100 mg/mL. This correlates with the research carried out
by Nayak and Thirunavoukkarasu 8 where the aerial and
root parts of B.diffusa were tested against Microsporum
gypseum, Microsporum fulvum and Microsporum canis.
The ethyl acetate extract of root of the plant was found to
be most effective against target fungal species. The
methanolic extract showed relatively no activity on the
selected dermatophyte strains. Qureshi et al.?* reported
that the aqueous extracts of leaves, stem, flowers, seed
and plant exhibited antifungal activity against three
keratinophilic fungi and moderate activity against
Microsporum gypseum (39.01%). The extracts were less
effective against Chrysosporium tropicum (25.63%) and
showed minimum antimycotic activity against
Trichophyton terrestre (1.76%).

B. diffusa contained abundant saponins, tannins and
cardiac glycosides in the leaf extract as revealed by the
phytochemical analysis. This corroborates the findings on
the phytochemical analysis of the plant by Bairwa et al.?®

The presence of the phytochemical constituents in the
plant could be responsible for the antifungal properties
as secondary metabolites present in higher plants serve
as defence agents against microorganisms. Saponins are
a complex and chemically varied group of compounds
consisting of triterpenoid or steroidal aglycones linked to
oligosaccharide moieties. The combination of a
hydrophobic aglycone backbone and hydrophilic sugar
molecules makes saponins highly amphipathic and
confers foaming and emulsifying properties.?® The
antifungal properties of saponins come from the ability of
these molecules to complex with sterols in fungal
membranes, so causing pore formation and loss of
membrane integrity.?” Tannins present are known to
deprive microorganisms of iron. The phytochemical
components may vary as a result of method of extraction,
environmental condition and the amount of active
components present; all these contribute to the values of
the cidal action and inhibitory action of the plant extract.
The antidermatophytic effect of ethyl acetate extract of
B. diffusa can be related to the phytoconstituents it
possesses.

In vivo antidermatophytic effect of formulated
ointment

Trychophyton rubrum and Epidermophyton floccossum
were selected for the antidermatophyticin vivo studiesin
this research because they were the most susceptible
test organisms to Boerhavia diffusa leaf extract. The
ointments were formulated in three concentrations in
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which the highest concentration 1.5 g was most effective.
The ointment activity against the dermatophytes tested
may be as a result of the presence of some
phytochemicals like saponins and alkaloids which have
been reported to inhibit fungal cell wall due to pore
formation in the cell and leakage of cytoplasmic.?®
Anthraquinones and flavonoids are used as antiseptics in
certain skin diseases, dry eczema and other fungal skin
infections.?

In the histopathology studies, the moderate epidermal
hyperplasia characterized by anincrease in the number of
cells within the stratum spinosum (prickle cell layer)
underscore the reparative mechanisms on the skin.
Spongiosis, an oedema that occurs intracellularly in the
epidermis (which is characteristic of eczematous
dermatitis) observed in some of the groups of animals is
as a result of dermatophyte injury but which was later
reversed by the treatments with the ointments
concentrations.

A study carried out on ovine dermatophytes using
ivermectin to treat infected lambs and ewe that had
infection (Trichophyton verrucosum and Trichophyton
mentagrophytesas) showed that changes were observed
in the blood parameters of infected animals treated with
ivermectin with a significant rise (P < 0.05) in the
monocyte and eosinophil counts.®® In this study, there
was increase in neutrophil, monocyte and lymphocyte
count after treatment with ointment formulation which
could be due to the stimulation of the cellular immune
response of the animals. Release of cytotoxic materials by
eosinophil could cause damage in the fungal cell
membrane thus facilitating the permeation of the
extracts into the target sites causing death of fungal
cells.®® Moderate thrombocytosis was observed after
treatment which was an indication of the clearing of
infection on treatment with formulated ointment.

Control groups D and H treated with ketoconazole
showed no sign of dermatitis on the 13th day of
treatment and there was moderate clearing of infection
in animals across groups A to C (animals infected with T.
rubrum which were treated with formulated ointment).
This demonstrated the effectiveness of the standard drug
and the ointment formulation. There were little changes
in lesion score in the second group of animals (E, F, and G)
which indicated that the formulated ointment had more
effecton T. rubrum as compared to E. flocossum.

CONCLUSION
Dermatophytes have caused fungal infections which have

become a threat to human health. Plants have been
found to be valuable and indispensable sources of natural
products used by man for therapeutic purposes and also
for the synthesis of new drugs. The evaluation of
antidermatophytic activity of B. diffusa in this study has
shown that Boerhavia diffusa has potentials to be used in
the production of therapeutics against dermatophytes
and thus could be a promising candidate for the
development of new, safe and effective antifungal drug
against dermatophyticinfections.
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