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Rhizophora apiculata pyroligneous acid which is a crude condensate produced from the distillation of smoke
generated in the process of charcoal making has the potential to be used as antifungal agent especially to treat
candidal infections. In this study, pyroligneous acid (PA), concentrated pyroligneous acid (CPA),
Dichloromethane extracts of CPA namely DCM A and B were tested against four pathogenic strains of Candida
albicans. The results exhibited significant inhibition zones within the range of 7.00 -8.00 mm for PA, 16.00-
17.00 mm for CPA, 16.00-18.00 mm for DCM A and 19.00-22.00 mm for DCM B. The results also revealed that
extract DCM B of CPA was the most potential to be used as anticandidal agent with the minimum inhibitory
concentration values between 3.13-6.25 mg/mL. Scanning electron micrographs of DCM B treated C. albicans
cells confirmed the damaged cells caused by the extract.

candidiasis.

INTRODUCTION

Candidal infection or also known as candidiasis is a
common infection of the oral cavity, nails, skin and vagina of
human (Ruhnke, 2002). It represents one of the most rapidly
increasing healthcare infections with a significant mortality rate in
hospitalized patients (Jarvis, 1995).

These fungal infections are becoming more
prevalent worldwide because the size of the immune-
compromised patient population is rising. Candida species
especially C. albicans are now recognized as a major
causative agent of hospital acquired infection (Douglas, 2003)
and it is one of the leading causes of opportunistic
fungal infections in immune-compromised individuals, including
AIDS patients, transplant recipients, and cancer patients (De
Repentigny et al., 2004; Erkdse and Erturan, 2007). Even though
several antifungal drugs such as griseofulvin, azole groups
(fluconazole,  ketoconazole and variconazole), nystatin,
amphotericin B and 5-fluorocytosine are used clinically to treat
pathogenic yeasts and fungi (Chen et al., 2013) but many of
them have exhibited resistant and toxicity (Hofling et al., 2010).
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Thus, the discovery of new antifungal agents with cost-effective
from natural origin are remains an important challenge for the
scientific community. Pyroligneous acid, also called wood vinegar
is a crude condensate produced from the distillation of smoke
generated in the process of wood carbonization and charcoal
making (Sameshima et al., 2002). It is a complex mixture of
compounds derived from the chemical break-down of the
components in wood through the condensation of vapors and gases
generated during the pyrolysis of a limited access of oxygen. It
appears to be a clear dark reddish-brown liquid which resembles to
the pleasing hue of black tea, beer or wine with strong smoky
aroma (Guillen and Ibargoitia, 1998; Mohan et al., 2006). The pH
of pyroligneous acid is low ranging from 2-3, due to its high
amount of volatile acids (8-10%) mainly formic and acetic acids
(Sipila et al., 1998). Pyroligneous acid is also well-known for its
organoleptic properties (Guillen and Manzanos, 2002). It is
reported to contain a complex mixture of water (10-20%), a mixture
of carboxylic acids among which acetic is the most prevalent,
several aldehydes and alcohols. Besides that ptroligneous acid also
contain formic acid, guaiacols, catechols, syringols, vanillins,
methanol, acetone, furan  carboxaldehydes, isoeugenol,
pyrone, ketones, esters, and more than 200 organic compounds
including phenolic compounds which are pyrolytic products of
lignin and hemicelluloses (Ninomiya et al., 2004; Lee et al., 2010).
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Pyroligneous acid has been reported to posses
antibacterial (Chalermsan and Peerapan, 2009) and antioxidant
activities (Loo et al., 2007; Loo et al., 2008), besides exhibiting
strong antifungal activity against several plant pathogenic fungi
(Jung, 2007; Oramahi and Yoshimura, 2013) and also a
termiticidal activity (Mitsuyoshi et al., 2002; Yatagai et al., 2002).
Several researchers have reported the antibacterial activity of the
pyroligneous acid against several pathogenic bacteria (Yodthong
and Niamsa, 2009), including plant pathogens (Ma et al., 2011).
Hwang et al., (2005) for example reported the synergistic effects
among the compounds in the pyroligneous acid which exhibited
antimicrobial properties. It is believed that phenolic derivatives are
one of the groups of compounds being responsible for the
antimicrobial activity of pyroligneous acid (Cowan, 1999).
Recently, the medicinal use of the pyroligneous acid has been
studied intensively in the field of oriental medical science (Kim et
al., 2001; Park et al., 2003), where some natural resources has
been used for investigating the biological activities (Yoo et al.,
2005; Choi et al., 2006; Lee and Seo, 2006; Lee et al., 2006).
However, its antifungal activity against pathogenic yeasts has not
been studied in detail. Therefore, the present work is carried out to
evaluate the anticandidal activity of the R. apiculata pyroligneous
acid and its dichloromethane extract on four strains of pathogenic
C. albicans. The effects of extract on the candidal cell growth and
cell morphology were studied and investigated. This pyroligneous
acid was selected because of its availability in Malaysia since it is
a by-product of charcoal making and often considered as waste.

MATERIALS AND METHODS

Pyroligneous acid

The R. apiculata pyroligneous acid was obtained from
charcoal village in Kuala Sepetang, Taiping, Perak, Malaysia. The
smokes that escape from the chimneys of the charcoal’s kiln at
temperatures of 240-500°C were passed through a 30 meter
extension of air cooled stainless steel pipe for condensation
purpose. The condensed smokes or known as pyroligneous acid or
wood vinegar was collected in a polyethylene container and stored
at room temperature (30+2°C) and was used in the present study.

Preparation of concentrated pyroligneous acid

The pyroligneous acid was filtered through a Whatman
No. 1 filter paper to eliminate any debris and oily phase. The
filtrate was then concentrated using a rotary evaporator
under reduced pressure at 80°C until the volume of one tenth
of its original volume obtained. The resulting concentrated
pyroligneous acid (designated as CPA) which was free
from water and some volatile components (such as methanol,
acetone etc) was collected and kept at 4°C until further used.

Preparation of the dichloromethane extract from concentrated
pyroligneous acid

The extraction of the components of concentrated
pyroligneous acid (CPA) was conducted using liquid-liquid

extraction with dichloromethane (designated as CPM) as the
extraction solvent to give DCM A extract. In order to isolate the
phenolic derivatives from DCM A extract, an acid base treatment
was conducted on DCM A extract by using aqueous NaOH
solution, aqueous H,SO, solution and NaHCO; to give DCM B
extract. Figure 1 summarizes the whole procedures of getting
DCM A and B (Amen-Chen et al., 1997).
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Fig. 1: the scheme for DCM extraction.

Microorganisms and cultural maintenance

Four strains of pathogenic C. albicans which were
isolated from patients with suffering from urinary tract infection
(two strains), vaginitis and onychomycosis (one each) were used in
the study. The cultures were maintained on Sabouraud dextrose
agar slants at 37°C for 24 h. All the cultures were kept at 4°C until
further used. Subculturing was done at every four weeks to
maintain their viability.

Anticandidal activity by disc diffusion method

The anticandidal activity of the extract against the test
pathogenic yeast strains were determined following the method
described by NCCLS (2000) with slight modifications. The yeast
strains were removed aseptically with an inoculating loop and
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transferred to test tubes containing 5.0 mL of sterile distilled
water. Sufficient inoculum was added until the turbidity was
equivalent to 0.5 McFarland standards (1x10° cells/mL). One
milliliter of the suspension was then added into 15.0 mL of
sterilized molten Sabouraud dextrose agar aseptically. The
mixtures were mixed well by swirling the plates left and right and
then they were left on the bench to solidify. The commercial
antibiotic disc GF A (Whatman) with 6.0 mm diameter was used
to screen the anticandidal activity. Each of the sterile discs was
then impregnated with 20 pL of the extracts that were pyrolineous
acid (PA), concentrated pyroligneus acid, (CPA), Dichlromethane
extracts (DCM A and DCM B), which corresponding to 100.0
mg/mL of extract stock. Ketoconazole at the concentration of 30
pg/mL was used as a positive control. All the impregnated disks
were air dried before placing them on the agar surface. The plates
were incubated at 37°C for 24 hours and the anticandidal activity
was determined by measuring the diameter of the growth
inhibition zones formed around the disc. The experiments were
carried out in triplicate and the results were expressed as means of
three experiments.

Determination of minimum inhibitory concentrations

The determination of minimum inhibitory concentration
(MIC) was performed using macrodilution method (Nor-Afifah et
al., 2010). Briefly, different extract preparations were subjected to
a serial dilution using sterile Sabouraud dextrose broth medium as
a diluents to give final crude extract concentrations between 0.39
and 100.00 mg/mL. The test tubes were inoculated with the yeast
suspension (20 pL/mL broth), homogenized, and incubated at
37°C for 24 hours.

The lowest dilution of the extract that retained its
inhibitory effect resulting in no growth (absence of turbidity) of a
microorganism was recorded as the MIC value of the extract. The
yeast growth was indicated by the turbidity. Each test was
performed in triplicate.

Time-Kill study of Candida albicans strain 1 in the presence of
DCM B extract

C. albicans strain 1 suspension was prepared as
described previously and was harvested by centrifugation, washed
twice with sterile distilled water and resuspended in sterile
distilled water. The suspension was adjusted using the
McFarland standard. The DCM B extract was added in to 25 mL
of Sabouraud dextrose broth in a 50 mL Erlenmeyer
flask to achieve concentrations of 0 (control), 1.56 (1/2MIC),
313 (MIC) and 6.25 (2MIC) mg/mL after addition
of the inoculum (Yogalatha et al., 2010). The experiments
were conducted in triplicate and all the flasks were incubated
in a shaker (Infors HT Ecotron) incubator at 37°C with agitation
at 100 rpm. One milliliter of the mixture within each
flask was withdrawn at every 4 hourly intervals starting
from O hour until 48 hours of cultivation and the bacterial cell
growth was monitored by measuring optical density at 600 nm.

Scanning and transmission electron microscope observations

The C. albicans strain 1 suspension was prepared as
described previously. To each sample, 1.0 mL of the 24 hour old
yeast suspension was inoculated in a 50.0 mL Erlenmeyer flask
containing 30.0 mL of sterilized Sabouraud dextrose broth and
incubated in a shaker at 37°C, 150 rpm for 24 hours. The
suspension was then added to the extract stock solution (the final
concentration in each flask was at the 2MIC value) and incubated
at the required incubation time (0, 12, 24 and 36 hours). The SEM
and TEM samples preparations were done following the method
describes by Mares (1989), Borgers et al., (1989), Yogalatha et al.,
(2011) and Darah et al., (2013). The prepared samples were then
viewed under a scanning electron microscope (Leica Cambridge,
S-360, UK) and transmission electron microscopy (Philips CM12,
Eindhoven, Netherlands).

Statistical Analysis

The data obtained were analyzed by Student t-test for
comparing the extract on the several strains of C. albicans against
control, using SPSS Version 12.0. Statistical significance was
assumed at the 0.05 levels (p<0.05).

RESULTS

Pyroligneous acid from R. apiculata Blume barks

The physical properties of the concentrated pyroligneous
acid from the Malaysia R. apiculata Blume were a clear to dark
reddish-brown liquid that resembles black tea with low pH value
of 1.8. It has a strong smoky aroma The pyroligneous acid (PA) in
this study was then concentrated under reduced pressure, using a
rotary evaporator at 80°C to give CPA. The removal of the volatile
components in PA, such as methanol, acetone and some of the
volatile acids, was another ‘cleaning-up’ procedure after filtration
process. Those components were not the object of interests and the
removal of those components would help to facilitate in the
extraction and isolation of the components in PA. Additionally, at
a temperature of 80°C, the desired compounds would not degrade
as they were of higher boiling points (semi-volatiles compounds)
and would remain in CPA.

Anticandidal activity and minimum inhibitory concentration
values

Anticandidal activity of the pyroligneous acid (PA),
concentrated pyroligneous acid (CPA), dichloromethane extracts
(DCM A and DCM B) are shown in Table 1. The extract showed
anticandidal activity with the diameters of inhibition zones ranging
from 9.00 mm for PA, 16.00-17.00 mm for CPA, 16.00-18.00 mm
for DCM A and 19.00-22.00 mm for DCM B (Table 1). There
were significant differences (p<0.05) in the anticandidal activities
of the extract. Subsequent experiments were conducted to
determine the MIC values of the extract against the C. albicans
strains. The minimum inhibitory concentration values ranged
between 3.13 to 6.25 mg/mL (Table 2). The results obtained
appeared to confirm the anticandidal potential of the extract
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investigated. Based on the results on anticandidal acyivity and the
MIC value, DCM B extract was chosen for subsequent experiment
on time-killed study and also the observations by SEM and TEM
studies.

Table. 1: Anticandidal activity of the R. apiculata pyroligneous acid and its
dichloromethane extracts

Diameter of inhibition zones (mm)

Strains PA CPA DCM A DCM B Ketoconaz
(100 (100 (100 (100 ole (30
mg/mL)  mg/mL)  mg/mL) mg/mL) pg/mL
Candida albicans g 17.0 16.0 220 24.0
strain 1
Candida albicans ¢ 17.0 17.0 20.0 24.0
strain 2
Candida albicans . 16.0 18.0 21.0 23.0
strain 3
Candida albicans ¢ 17.0 16.0 19.0 25.0
strain 4

PA  pyroligneous acid; CPA concentrated pyroligneous acid; DCM
dichloromethane extract.

C. albicans 1- isolated from urinary tract infection, C. albicans 2- isolated from
vaginitis, C. albicans 3- isolated from yeast onychomycosis, C. albicans 4-
isolated from urinary tract infection

Table. 2: Minimal Inhibitory Concentration values of the Dichloromethane B
extract against strains of Candida albicans

Strains MIC values (mg/mL)
Candida albicans strain 1 3.13
Candida albicans strain 2 3.13
Candida albicans strain 3 6.25
Candida albicans strain 4 3.13

C. albicans 1- isolated from urinary tract infection, C. albicans 2- isolated from
vaginitis, C. albicans 3- isolated from yeast onychomycosis, C. albicans 4-
isolated from urinary tract infection
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Fig. 2: growth profiles of Candida albicans strain 1 after treated with 1/2MIC
(1.56 mg/ ml), MIC (3.13 mg/ml) and 2MIC (6.25mg/ ml) of the DCM B
ectract.

Time-Kill study

Time-kill study was conducted over a period of 48 hours
using DCM B extract with the aim to assess the anticandidal
activity with ¥ MIC (1.56 mg/mL), MIC (3.13 mg/mL) and 2MIC
(6.25 mg/mL) values over time and the results are shown in Figure
2. There was a drastic dropped in OD after 12 hours of
cultivation, which leads to the stationary phase of yeast growth
compared to control (untreated cell). At MIC and 2MIC values, the
extract eradicated the cell numbers. The results showed the
potency of the extract as an anticandidal agent against C. albicans.

Scanning (SEM) and transmission (TEM) electron microscopy
observations

A clearer view on the effect of the DCM B extract
against the C. albicans cells are shown in Figure 3. Figure 3A
shows many oval and smooth cells in appearance and some at a
budding stage (control or untreated cells). After 12 hours of
exposure (Figure 3B), there was some effect of the extract
observed on the cells compared to the control cells. Figure 2C
shows the 24 hours treated cells with a distinct cell formation, with
cavitations and shrunken cells. Finally, after 36 hours of exposure
to the extract (Figure 3D), completely collapsed and cavitated cells
were observed. At this stage the damage of the cells was beyond
repair and the cells lost their metabolic functions completely.

=
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Fig. 3: SEM micrographs of the untreated and DCM B extract treated C.
albicans strain 1cells. (A) Untreaed cells, (B) 12 hours, (C)24 hours and (D) 36
hours of exposure.

Observation on SEM micrographs suggested the cells had
undergone distinct morphological and cytological alterations.
Further evidences of these changes can be clearly observed from
the TEM micrographs which reaffirm some form of
disorganization of the yeast cells and also destruction of its
cytoplasm and organelles.

Figure 4A shows a typical structure of C. albicans cells
with nucleous and organelles. The cytoplasm contains element of
cell membrane system and enveloped by a typical cell wall of
yeast cells. Figure 4B shows a 12 hour of exposure to the extract,
cells were dense with the vesicles, membrane cell and cell wall
disposition and altered within the cells. After 24 hours of exposure
(Figure 4C), the cells exhibited notable alterations in the cell
membrane and cell wall.

The cytoplasmic volume decreased and there was
deformed or stunted budding formation with disorganization
within the cell cytoplasm. Figure 4D shows the effect of a
prolonged exposure to the extract (36 hours), where the cells
undergoing severe disorganization within the cells which led to
collapsed cells and lysed.
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Fig 3: TEM micrographs of the untreated and DCM B extract treated C.
albicans strain 1cells. (A) Untreaed cells, (B) 12 hours, (C)24 hours and (D) 36
hours of exposure.

DISCUSSION

Many antifungal including anticandidal agents are
available to treat superficial and systemic candidiasis (Hofling et
al., 2010; Chen et al., 2013). The emergence of drug-resistant
strains and dose-limiting toxic effects has impeded antifungal
treatment. Moreover, immune-compromised and hospitalized
patients are more susceptible to severe candidal infections. Many
investigators have searched for new compounds with anticandidal
action in natural products (Rukayadi et al., 2008; Agarwal et al.,
2010; Lim et al., 2011; Boroujenis et al., 2012).

R. apiculata pyroligneous acid is a by-product of
charcoal making industry from the billets of R, apiculata, a
mangrove plant which were planted widely for charcoal industry
in Larut-Matang district, Malaysia. The freshly collected reddish-
brown distilled solution from the charcoal kiln at the temperature
of 240 -500°C has a smoke aroma (Loo et al., 2007; Loo et al.,
2008). R. apiculata pyroligneous acid has been reported to consist
of 5.5% acetic acid, 3.4% methanol and 6.5% wood tar. Due to its
high amount of volatile acids (8-10%), pyroligneous acid is acidic
with pH ranging from 2-3. These acids contribute to its mild
corrosive properties. R. apiculata pyroligneous acid from Matang,
Malaysia has been studied for its phenolic content and antioxidant
properties (Loo et al., 2007). However, the detail study on
anticandidal activity of the R. apiculata pyroligneous acid is none.
To the best of our knowledge this is the first time that anticandidal
activity (on human pathogenic C. albicans) of R. apiculata
pyroligneous acid is described.

The present study has shown that pyroligneous acid has
promising antibacterial activity and this is probably why it is
widely used in traditional oriental medicine (Kim et al., 2001; Park
et al., 2003). The activity of the four extracts (PA, CPA, DCM A
and DCM B) against four strains of pathogenic C. albicans can be
indicative of the presence of broad spectrum antifungal
compounds or simply general metabolic toxins in the solution. The

anticandidal and antifungal activities of the extracts may be due to
the presence of lignans (like phyllanthin and hypophyllanthin),
flavonoids (like quercetin), astragalin, triterpenoids, glycosides,
and tannins (ellagitannins), in the extract. Phytochemical
constituents like flavonoids are known to prevent gastric ulcer due
to the astringent and antimicrobial properties, which appear to be
responsible for gastro-protective activity, as reported by Okolo et
al., (2012). P-cymene, a monoterpenoid has also been reported to
have a good antimicrobial properties (Paithankar et al., 2011;
Selvamohan and Sandhya 2012).

The results of our study showed the MIC values of the
extracts were between 3.13 to 6.25 mg/mL which is considered
higher than the MIC values for bacteria (Darah et al., 2011,
Supardy et al., 2011). Usually higher concentrations of extract are
needed to inhibit the growth of yeast including Candida spp.
Based on the time-killed studies the DCM B extract of
pyroligneous acid showed fungicidal activity on C. albicans cells
at 2MIC values (6.25 mg/mL) after 24 hours of treatment. In
antimicrobial treatment, it is clinically more important to find
fungicidal than fungistatic agents, especially in
immunocompromized patients such as HIV patients. The reason is
because the prophylactic use of fungistatic drugs has been
associated with increased frequency of innate or acquired drug
resistance in clinical isolates.

Prabhakar et al., (2008) reported that the ethanolic
extracts of Syzygium jambolanum and Cassia siamea exhibited
anticandidial activity at 100 mg/ml, whereas Odina wodier was at
500 mg/ml. This could be due to yeasts are eukaryotic cells and
their cell wall contains chitin, which totally different from cell
wall component of bacteria. Furthermore, C. albicans has isotropic
growth by budding and several antifungal drugs can inhibit the
budding formation in them. In this study the treatment of the C.
albicans strains 1 with DCM B extract, decreased blastoconidia
budding at MIC value (3.13 mg/mL) compared to the control
(p<0.05). The MIC results had quantitatively demonstrated the
anticandidal activity of the extract towards the susceptible cells.
The succession of anticandidal activity of any plant extract
depends on the ability of the antimicrobial agent to penetrate the
cell wall. There are specific interactions between the bioactive
compounds with the cell wall compartments (Hyldgaard et al.,
2012). This interaction with the constituents’ target site will either
aid or hinder the penetration of the bioactive compounds into the
cells. Previous studies have suggested that the deleterious effect of
the extract on the cell wall of the fungus could be the main reason
for the decrease in the rate of yeast budding, because the cell wall
is necessary for cell division (Darah et al., 2013).

Morphogenesis which is the transition of unicellular
yeast cells to the filamentous form (pseudohyphae), is an attribute
of Candida species such as C. albicans. The presence of the
filamentous form and budding is associated with virulence and
pathogenicity, but both forms may be involved in the development
and progress of disease. Several antifungal drugs and plant extracts
can inhibit germ-tube formation and budding of yeast cells.



012 Ibrahim et al. / Journal of Applied Pharmaceutical Science 3 (07); 2013: 007-013

The pyroligneous acid and its DCM extracts at the concentration
between 3.13 to 6.25 mg/mL inhibited morphogenesis of the yeast
cells. These morphological changes can be observed from SEM
and TEM micrographs. It was suggested that the effects of the
extract were exerted on the outer membrane of the cell wall which
then altered the cell membrane or plasmalemma structure and also
the permeability of the cells. At the early stage (12 hour) the
treated cells exerts a slight difference in their morphologies
compared to control cells (untreated). However, the cells started to
show more aberrant morphology over time. It can be summarized
that the lethal action of the treated cells started with the shrinkage
of the cells and then followed by the accelerated pores or cavity
formations and unusual cell morphogenesis. It might have been
due to the induced membrane permeability changes that occurred
to the membrane cell structure resulted from the breakage of the
hydrogen bonds that functions in keeping the rigidity of the
membrane (Neu and Gootz, 1996; Rao et al., 2010). Another
possibility is the potassium leakage and amino acid influx of the
treated cells as suggested by Gopala-Rao et al., (2010). Thus, the
results suggested that membrane cell is the major target site of the
extract (Ogundare, 2006).

CONCLUSION

The present study conclusively demonstrates the
anticandidal potential of the R. apiculata pyroligneous acid, an
untapped source of compounds with anti- C. albicans activity that
could be a resource in the development of therapeutically natural
products. The extract was proven to be fungistatic at lower
concentration and fungicidal at higher concentration. In addition,
phytochemical studies will be necessary to isolate the active
constituents and evaluate the antiyeast activity against a wide
range of yeast population.
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