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ABSTRACT

Seven lignan compounds (1-7) were isolated from
the leaves of Phyllanthus myrtifolius Moon. and
were evaluated for their in vitro antifungal
activities against an opportunistic filamentous fungus,
Fusarium oxysporum, using the Clinical and
Laboratory Standard Institute (CLSI) (M38-A2)
standard method. The lignans phyllamyricin C
(1), retrojusticidin B (2), phyllamyricin A (3),
phyllamyricin  F  (4), justicidin B (5),
phyllamyricin E (6) and piscatorin (7) were found
to be active against F. oxysporum. Their minimum
inhibitory concentration (MIC) values were in the
range of 4.0-320 pg mL™ and minimum
fungicidal concentration (MFC) values were in
the range of 8.0-625 pg mL™ The isolated
lignans also have inhibitory activity on the
conidial germination of F. oxysporum. The results
strongly suggest that lignans isolated from the
leaves of P. myrtifolius can be developed as
natural antifungal agents.
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INTRODUCTION

Fusarium oxysporum is widely distributed in
nature and is one of the most important fungal
pathogens found in agricultural area, infecting a
range of host plants [1]. The diseases include wilt,
blight, little leaf, vascular wilt, corm and root rots,
and damping-off. Among them, wilting of egg
plants is one of the important diseases that cause
significant reduction in agricultural production,
and under favorable conditions can lead to a
100% loss. A number of serious infections caused
by this species can be extremely difficult to
manage, because this soil borne pathogen can
persist for many years in the soil without a host
[2]. Recently, the genus of Fusarium has also
been reported to infect human cells (fusariosis).
F. oxysporum species causes a broad spectrum of
infections, including superficial, locally invasive,
and disseminated infections. Although not many
incidences of human infections caused by Fusarium
have been reported, F. oxysporum has accounted
for 20% cases of fusariosis, which are mostly
onychomycosis [3].

Fusarium control is very important and can be
achieved by means of synthetic fungicides. However,
these synthetic fungicides can be harmful to the
environment [4]. In addition, the development of
resistance of pathogenic fungi towards the synthetic
fungicides is also one of the increasing concerns.
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Moreover, public awareness on these factors has
increased interest in finding alternative protectants
that are safer and more degradable and can replace
the synthetic fungicides. Therefore, there is a
growing interest to explore the possibility of using
natural compounds as anifungals [5].

The plants of the genus Phyllanthus (Euphorbiaceae)
are widely distributed in most tropical and subtropical
countries, and have long been used in folk medicines
[6]. Several compounds including alkaloids,
flavonoids, lignans, phenols, and terpenes have
been isolated from these plants. With reference
to antifungal properties, some extracts such as
those from P. acidus, P. amarus, P. emblica,
P. muellerianus, P. niruri, P. piscotarum and
P. wightianus show activities against several
pathogenic fungi [7-13]. However, only a few
antifungal compounds isolated from Phyllanthus
have been reported. One of them is justicidin B, a
lignan from P. piscotarum that inhibits the growth
of three species of pathogenic fungi at a
concentration range of 1-12 pg mL™ [14]. This
study reports the susceptibility test of seven
lignans isolated from P. myrtifolius Moon. against
an opportunistic fungi F. oxysporum.

MATERIALS AND METHODS

Plant materials

The plants were collected from Bogor, Indonesia.
The voucher specimens (P. myrtifolius) were
identified and deposited at the Herbarium
Bandungense, School of Life Sciences and

Phyllamyricin C (1), Ry = OCHs, R, = R3=H Retrojusticidin B (2), Ry =R, =H
Phyllamyricin A (3), R; =OCHg, R, =H

Phyllamyricin E (4), R; = R, = H, R3 = OCHj3
Justicin B (5), Ry=R, =Rz =H
Piscatorin (7), Ry =R, = H, R3 = OH

Technology, Bandung Institute of Technology,
Bandung, Indonesia under specimen number
HBG-12180.

Lignan isolation

The dried and powdered leaves of P. myrtifolius
(1.5 kg) were macerated with 2 L of methanol for
3 x 24 hours at room temperature to give a dark
green methanolic extract (150.0 g). The methanolic
extract was then re-extracted using acetone to
obtain the acetone extract (65.0 g). A part of
the extract (20.0 g) was fractionated by vacuum
liquid chromatography (VLC) method, eluted by
n-hexane-EtOAc of increasing polarity (9:1, 8:2,
7:3,6:4, 1:1, 3:7, 2:8 ) to give seven fractions (F1-
F7). Purification of the fraction F3 (143.0 mg)
was performed by radial chromatography (eluent
n-hexane-EtOAc = 8:2) to obtain phyllamyricin A
(3) (16 mg). Simplification of the fraction F4
(751.0 mg) with radial chromatography gave
retrojustisidin B (2) (20.0 mg) and justisidin B (5)
(15.0 mg), while purification of the fraction F5
(518.0 mg) by the same method using n-hexane-
diisopropyl ether (8:2) yielded phyllamyricins C
(1) (14.0 mg), E (4) (10.0 mg), F (6) (11.0 mg),
and piscatorin (7) (28.0 mg). All molecular structures,
shown in Figure 1, were elucidated using *HNMR
and *CNMR data (Agilent 500 MHz DD2 system),
and by direct comparison with previously reported
data [14-16].

Preparation of antifungal agents

Each isolated lignan and amphotericin B, purchased
from Sigma Chemical Co. (St. Louis, MO, USA),

Phyllamyricin F (6)

Figure 1. Structures of isolated lignans from P. myrtifolius.
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were dissolved in 10% dimethylsufoxide (DMSO)
in water. A 10% of DMSO did not affect the
growth of F. oxysporum [17]. The concentration
of lignans and amphotericin B were standardized
to 1.0 mg mL™ or 0.1%, and were stored at 4 °C
prior to use.

Conidia preparation

F. oxysporum ATCC 44187 was obtained from
the American Type Culture Collection (Rockville,
MD). The strain was cultured and maintained on
potato dextrose broth (PDB) (Difco, Spark, MD,
USA) and PDB supplemented with 1.5% of
microbial agar (Difco, Spark, MD, USA) at 35 °C
for 7 days. Conidia suspensions of F. oxysporum
were prepared by the method of CLSI M38-A2
[17]. In brief, the seven-day-old colonies were
covered with approximately 1.0 mL of sterile
0.85% phosphate buffer saline (PBS, Sigma-
P3813) medium, and the suspensions were made
by gently probing the colonies with the tip of a
Pasteur pipette. The resulting mixtures of conidia
and hyphal fragments were withdrawn and
transferred into a sterile tube. After heavy
particles were allowed to settle for 3 to 5 min, the
upper homogenous suspension was collected and
mixed with a vortex mixer for 15 s to give a

conidial suspension free from heavy particles.
Conidia quantification was done by plating 0.05 mL
of a 1:100 diluted conidial suspension on PDA
plates and were incubated at 35 °C for 48 h. Based
on the number of fungal colonies observed after
the incubation, the conidial suspension was then
made up to approximately 4.8 x 10*cfu mL™ and
was stored at 4 °C as a stock conidial inoculum.

Antifungal bioassay

Susceptibility test

Susceptibility test of the isolated lignans was
carried out by a well plate-diffusion method. In
brief, seven-days-old cultures of F. oxysporum
were transfered using a sterile Pasteur pipette into
the wells on the potato dextrose agar (PDA)
plates. A 30 pL of each antifungal agent was
dropped on the culture-contained well. The
cultures were then incubated at 35 °C for 72 h.
The growth of mycelia was observed daily, and
the diameter of mycelia growth was measured.
A negative control containing an aqueous 10%
DMSO only and a positive control containing
amphotericin B were included in each experiment.
The percentage of mycelia growth inhibition was
estimated by using the formula:

Diameter of treated colony

04 of inhibition = 1 —

¥ 100%

Diameter of negative control colony

This experiment was done two times independently,
each with a duplicate (n = 2 x 2).

In vitro susceptibility tests

The minimum inhibitory concentrations (MICs)
and minimum fungicidal concentrations (MFCs)
of the isolated lignans from P. myrtifolius were
determined according to broth microdilution method
recommended by CLSI, approved standard M38-
A2 [18]. In brief, a 100 pL of conidial inoculum
of approximately 4.8 x 10%cfu mL™ was transferred
into each wells of a sterile disposable 96-well
round bottom microtiter plate. Then, a two-fold
dilution of antifungal agent (using 100 pL of
0.1% solution) was performed starting from
well-12 (concentration of 500 pg mL™) till well-3

(concentration of approximately 1 pg mL™) and
the remaining 100 pL from well-3 was discarded.
Well-1 served as a negative control (only medium)
and well-2 as a growth control (medium containing
conidial inoculum). Microtiter plates were incubated
aerobically at 35 °C for 48-72 hours. MIC is defined
as the lowest concentration of antifungal agent that
result in a complete inhibition of visible growth.
MFC was determined by sub-culturing the suspension
(10 pL) from each of the wells on PDA plates.
The PDA plates were then incubated at 35 °C for
48 hours or until growth was seen in the growth
control. MFC is defined as the lowest concentration
of antimicrobial agents at which no growth occur
in the PDA plate. This experiment was done two
times independently, each with a duplicate (n = 2 x 2).
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Conidial germination inhibition assay

The conidial germination inhibition assay was
performed in PBS medium, according to previously
reported method with slight modifications [17]. In
brief, the stock inoculum suspension of 4.8 x 10*cfu
mL™ was diluted 1:10 in PBS medium to give a
final concentration of 4.8 x 10° cfu mL™. Each
concentration of lignans was diluted 1:10 in PBS
medium containing 4.8 x 10° cfu mL™. The final
concentrations of lignans were 0 x MIC, 0.5 x MIC,
MIC, 2 x MIC, and 4 x MIC for each F. oxysporum
isolate. Cultures (1 mL final volume) were
incubated at 35 °C under 200 rpm agitation. The
number of conidia was determined by plating 50 pL
of each culture onto the PDA plate using sterile
hockey stick-shaped spreader. The plates were
incubated at 35 °C for 48 hours or until growth
was seen in the negative control (0 x MIC) (72 h),
and the percent inhibition of germination (Gi) was
calculated using the formula given below [17].
This experiment was carried out two times
independently, each with a duplicate (n =2 x 2).

(Average germination (%)control) —

(Average germination (2)treatment)

% Gi= X 100%

Average germination (%) control

RESULTS AND DISCUSSION

The genus Fusarium contains important mycotoxin-
producing species that cause fusariosis in plants,
animals, and humans [1]. Fusarium such as
F. oxysporum has become an increasingly common
cause of breakthrough infections in immunosuppressed
patients [3]. Thus, finding new compounds with
strong antifungal activity is important in combating
fusariosis. In the present study, seven lignans were
isolated from the leaf extracts of P. myrtifolius
(Figure 1) and were tested against an opportunistic
filamentous fungus F. oxysporum. The antifungal
activities of the lignans on F. oxysporum are
summarized in Table 1.

The results showed that all isolated lignans were
active against F. oxysporum with the inhibition
zone ranging from 31 to 68% at concentrations of
0.1% (1000 pug mL™). The strongest inhibition
was shown by compounds 3-6 (phyllamyricin A,
phyllamyricin E, justicidin B and phyllamyricin F,
respectively), which were able to give 62-68% of
inhibition. Interestingly, the fungal inhibition of

compounds 3-6 was higher than that of amphotericin
B, a commercial antifungal agent, at the same
concentration. Compounds 1-7 (phyllamyricin C,
retrojusticidin B, phyllamyricin A, phyllamyricin
E, justicidin B, phyllamyricin F, and piscatorin,
respectively) inhibited the growth of F. oxysporum
and had MIC values in the range of 4-32 pg mL™.
In general, these MIC values were higher than that
of amphotericin B (MIC 2.0 ug mL™). These results
are comparable to previously reported data showing
that antifungal agents isolated from plants are
mostly milder compared to the commercial antifungal
agent [19]. Moreover, these seven lignans 1-7 can
completely kill the conidia of F. oxysporum and
had MFC values of 62.5, 32.0, 62.5, 32.0, 8.0,
62.5, 32.0 ng mL™?, respectively. Among the
seven compounds, compound 1 (phyllamyricin C)
shows the strongest antifungal activity with
MIC and MFC values of 4.0 and 62.5 pg mL™,
respectively.

The effect of each compound on conidia germination
of F. oxysporum was tested at concentration of
0 x MIC to 4 x MIC for 48 or 72 h at 35 °C. The
results are presented in Table 2. The lignans
inhibit the germination of F. oxysporum in a
concentration dependent manner. Compounds 4
and 7 (phyllamyricin E and piscatorin, respectively)
completely inhibited the germination at concentration
of 2 x MIC, while compounds 3 (phyllamyricin
A) and 6 (phyllamyricin F) gave the same effect
at concentration 4 x MIC. These results are in
agreement with the MFC values of these compounds
(Table 1). However, compounds 1 (phyllamyricin
C), 2 (retrojusticidin B) and 5 (justicidin B) at
concentration of 4 x MIC did not completely
inhibit the germination. The results obtained for
compound 1 (phyllamyricin C) can be understood
because of the fact that there was a substantial
difference between their MIC and MFC values
(MIC 4 pg mL™; MFC 62.5 ug mL™= 16 x MIC)
(Table 1). However, the effect of compounds 2
(retrojusticidin B) and 5 (justicidin B) on the
germination cannot be related to their MIC and
MFC values. In general, the results show that the
lignans isolated from P. myrtifolius can inhibit
conidia germination of F. oxysporum, and to the
best of our knowledge, this is the first report
on the inhibition of conidia germination of
F. oxysporum by lignans isolated from P. myrtifolius.
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Table 1. Inhibition zone results, minimum inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC) of lignan compounds isolated from P. myrtifolius against F. oxysporum ATCC 44187.

Lignans Average inhibition ione (%) MIC_1 MFC_1
(1000 pg mL™) (ng mL™) (ng mL™)
Phyllamyricin C (1) 46 4.0 62.5
Retrojusticidin B (2) 48 16.0 32.0
Phyllamyricin A (3) 67 32.0 62.5
Phyllamyricin E (4) 68 16.0 32.0
Justicidin B (5) 67 8.0 8.0
Phyllamyricin F (6) 62 32.0 62.5
Piscatorin (7) 31 16.0 32.0
AMP-B (positive control) 45 2.0 2.0
DMSO (10%) (negative control) NI >500.0 >500.0

AMP-B = amphotericin B; NI = no inhibition.

Table 2. Effect of lignan compounds isolated from P. myrtifolius on conidial germination of F. oxysporum

ATCC 44187 after 48 or 72 h.

Lignans Concentration (MIC, pg mL™)
0xMIC 0.5x MIC 1xMIC 2xMIC 4 x MIC

Phyllamyricin C (1) 99.0 89.7 87.1 83.7 815
Retrojusticidin B (2) 99.0 755 70.7 70.7 62.5
Phyllamyricin A (3) 99.0 62.5 62.5 62.5 0.0
Phyllamyricin E (4) 99.0 75.5 70.7 0.0 0.0
Justicidin B (5) 99.0 87.1 87.1 78.9 62.5
Phyllamyricin F (6) 99.0 70.7 70.7 62.5 0.0
Piscatorin (7) 99.0 78.9 62.5 0.0 0.0

A number of lignans have been evaluated as
antifungal agents. For examples, three lignan
compounds, alyterinate C, (+)-pinoresinol, and
(+)-medioresinol, showed biological effects against
a fungus-like organism Pythium insidiosum better
than the antifungal drugs itraconazole and
terbinafine [20]. Two aryltetralin lignans isolated
from Cordia exaltata were found to be weak
antifungal agents against several Candida species
[21]. Ecbolin A (a furofuran type of lignan), a
metabolite of Exbolium viride, showed moderate
antifungal activity against twelve tested fungi
[22]. (+)-Medioresinol has been known to posses

antifungal properties against C. albicans via
apoptosis mechanisms, namely oxidative stress
and mitochondria dysfunction [23]. Besides, justicin
B (5) from P. piscotarum [14], and phyllanthin, a
dibenzylbutane lignan isolated from P. niruri, also
exhibited antifungal properties against Candida
albicans [24]. The antifungal properties of compound
5 reported in this work is consistent with the
previous study [14] and our results therefore add
more data on the beneficial effect of lignans from
Phyllanthus species as antifungal agents. However,
with reference to antifungal properties of lignans
against Fusarium fungi, the data is rather very
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limited. Pinoresinol (a furanoid lignan) and
secoisolariciresinol (a dibenzilbutane lignan) have
been shown to inhibit the growth and trichocetene
biosynthesis in F. graminearum [25]. Lyoniside, a
glucoside derivative of aryltetralin lignan isolated
from Vaccinium myrtillus L. showed inhibition of
mycelia growth of F. oxysporum [26]. However,
eudesmin (a furanoid lignan) did not show
antifungal activity against F. oxysporum [26].
Thus the effect of lignans on Fusarium fungi
depends on the skeleton type of the lignan, and
there is a possibility that arylnaphtalene lignans,
such as compounds 1-7, can act as potential
anifungal agents against F. oxysporum.

The discovery of new conidia germination
inhibitors would be valuable for the control of the
diseases caused by pathogenic fungi. In addition,
adequate treatment of mycotic infections is
difficult since fungi are eukaryotic organisms with
a structure and metabolism similar to that of the
eukaryotic host [27, 28]. Furthermore, long-term
treatment with commonly used antifungals such
as amphotericin B has toxic effects and antifungal
azoles are limited in their spectrum and efficacy,
and their use may result in resistant strains [29-32].

CONCLUSION

Lignans isolated from P. myrtifolius might be
potentially valuable as a natural and active
compound against mycotic or fungal infections.
Phyllanthus species has long been used in folk
medicine in many countries as antimicrobials
and/or antioxidants. The results of this study show
the antifungal potential of seven lignans isolated
from P. myrtifolius. Thus, the lignans isolated
from the leaves of P. myrtifolius can be developed
as natural antifungal agents. The toxicity of these
compounds will be investigated in a future study.

ACKNOWLEDGEMENT

Financial support from the office of the Ministry
of Religion, Republic of Indonesia (DIKTIS
PROSALE 2013) and from BS 2010 Scholarships
awarded to one of us (WN) (Award Contract No.
Dj.1/1006/2010) is gratefully acknowledged.

CONFLICT OF INTEREST STATEMENT
No conflicts of interest.

REFERENCES

1.  Armstrong, G. M. and Armstrong, J. K.
1981, Fusarium: Diseases, Biology, and
Taxonomy, The Pensilvania State University
Press, Pensylvania, 391.

2. lgnjatov, M., MiloSevi¢, D., Nikoli¢, Z.,
Gvozdanovi¢-Varga, J., Jovi¢i¢, D. and
Zdjelar, G. 2012, Pestic. Phytomed., 27, 25.

3. Nucci, M. and Anaissie, E. 2007, Clin.
Microbiol. Rev., 20, 695.

4.  Martinez, J. A. 2012, Fungicides for Plant
and Animal Diseases, D. Dhanasekaran, N.
Thajuddin and A. Panneerselvam (Eds.), Intech
Open Acces Publisher, Available from:
http://www.intechopen.com/books/fungicides-
for-plant-and-animal-diseases/natural-fungicides-
obtained-from plants, pp. 1.

5. Vila, R., de Reynoso, B. F. and Folcara, S.
C. 2013, Recent Advances in Pharmaceutical
Sciences Ill, D. M. Torrero, A. Cortes and
E. L. Marino (Eds.), Transworld Research
Network, 23.

6. Calixto, J. B., Santos, A. R. S., Valdir, C. F.
and Rosendo, A. Y. A. 1998, Med. Res.
Rev., 18, 225.

7. Paul, S. B. and Devi, S. S. 2012, J. Pure
Appl. Microbiol., 66, 2017.

8. Sen, A. and Batra, A. 2012, Int. J. Green
Pharm., 6, 50.

9. Sukanya, M. K., Suku, S. and Aruna, S. R.
2013, Int. J. Pharma Biosci., 4, 55.

10. Brusotti, G., Cesari, I., Gilardoni, G., Tosli,
S., Grisoli, P., Picco, A. M. and Caccialanza,
G. 2012, J. Ethnopharm., 142, 657.

11. Sharma, M. and Singh, T. 2013, Int. J.
Pharma Biosci., 4, B875.

12. Gertsch, J., Niomawé, N., Gertsch-Roost, K.
and Sticher, O. 2004, J. Ethnopharm., 91,
181.

13. Natarajan, D., Srinivasan, R. and Shivakumar,
M. S. 2014, BioMed. Res. Int., 1.

14. Gertsch, J., Tobler, R. T., Brun, R., Sticher,
0. and Heilmann, J. 2003, Planta Med., 69,
420.

15. Lin, M. T, Lee, S. S., Karin, C. S. and Liu,
C. 1995, J. Nat. Prod., 58, 244.

16. Lee, S.S., Lin, M. T,, Liu, C. L., Lin, Y. Y.,
Karin, C. S. and Liu, C. 1996, J. Nat. Prod.,
59, 1061.



Lignans from Phyllanthus myrtifolius as antifungal agents

39

17.

18.

19.

20.

21.

22.

23.

Rukayadi, Y. and Hwang, J. K. 2007,
Phytother. Res., 21, 434.

National Committee for Clinical Laboratory
Standards. 2008, Reference Method for
Broth Dilution Antifungal Susceptibility
Testing of Filamentous Fungi: Approved
Standard 2™ Ed., M38-A2, Clinical Laboratory
Standards Institute, Wayne, PA, USA.

Shin, S. and Kang, C. A. 2003, Lett. Appl.
Microbiol., 36, 111.

Sriphana, U., Thongsri, Y., Ardwichai, Y.,
Poopasit, K., Prariyachatigul, C.,
Simasathiansophon, S. and Yenjai, C. 2013,
Fitoterapia, 91, 39.

de Sa de Sousa Nogueira, T. B., de Sa de
Sousa Nogueira, R. B., e Silva, D. A., Tavares,
J. F., de Oliveira Lima, E., de Oliveira
Pereira, F., da Silva Maciel, J. K., de Souza
Fernandes, M. M. M., de Medeiros, F. A.,
do Socorro Ferreira Rodrigues Sarquis, R.,
Filho, R. B. and de Fatima Vanderlei de
Souza, M. 2013, Molecules, 18, 11086.
Francina Cecilia, K., Ravindhran, R. and
Duraipandiyan, V. 2012, Asian J. Pharm.
Clin. Res., 5, 99.

Hwang, J. H., Hwang, I. S., Liu, Q., Woo, E.
R. and Lee, D. G. 2012, Biochimie, 94, 1784.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Anusha, J. R., Remya, R. V., Sasi Premila, J.
M. and Fleming, A. T. 2014, Inter. J. Pharm.
Pharm. Sci., 6(Suppl. 2), 323.

Kulik, T., Busko, M., Pszczélkowska, A.
and Okorski, A. 2014, Lett. Appl. Microbiol.,
59, 99.

Szakiel, A., Voutquenne-Nazabadioko, L. and
Henry, M. 2011, Phytochem. Lett., 4, 138.

Jin, J. K., Adams, D. O., Ko, Y., Yu, C. W.
and Lin, C. H. 2004, Mycopathologia, 158,
369.

Cantrell, C. L., Schrader, K. K. and Mamonov,
L. K. 2005, J. Agric. Food Chem., 53, 7741.
Singh, D. N., Verma, N., Raghuwanshi, S.,
Shukla, P. K. and Kulshreshtha, D. K. 2006,
Bioorg. Med. Chem. Lett., 16, 4512.
Denning, D. W., Venkateswarlu, K., Oakley,
K. L., Anderson M. J., Manning, N. J., Stevens,
D. A., Warnock, D. W. and Kelly, S. L. 1997,
Antimicrob. Agents Chemother., 41, 1364.
Wakabayashi, H., Abe, S., Teraguchi, S.,
Hayasawa, H. and Yamaguchi, H. 1998,
Antimicrob. Agents Chemother., 42, 1587.
Helmerhorst, E. J., Reijnders, I. M., van’t
Hof, W., Simoons-Smit, |., Veerman, E. C.
and Amerogen, A. V. 1999, Antimicrob.
Agents Chemother., 43, 702.



