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ABSTRACT

Polymnia sonchifolia is used popularly in the control of diabetes mellitus and also should contain
some antifungical and pesticidal compounds. Thus the ethanolic extract (EE) from P. sonchifolia
leaves and its hexanic (HE), chloroformic (CL), ethyl acetate (EA) and methanolic (ME) fractions
were tested to investigate the inhibitory activity on growth of Aspergillus flavus and on production
of aflatoxin B1 (AFB1) and B2 (AFB2). The cytotoxicity of EE, EA and ME on Vero cells was also
performed. Suspensions of A. flavus spores were inoculated into YES medium together with
different concentrations of the EE, HE, CL, EA and ME. The aflatoxin B1 and B2 were extracted and
analyzed by thin layer chromatography. All the concentrations of EE, EA and ME inhibited the
aflatoxin B1 and B2 production and the fungal growth. The HE fraction inhibited the aflatoxin B1
production and the fungal growth at 100pg/mL, and all the concentrations used inhibited the
aflatoxin B2 production. The CL fraction did not inhibit the aflatoxin B1 and B2 production and
the fungal growth. Polymnia sonchifolia leaves have inhibitory activity in aflatoxin B1 and B2
production and that can be an important step for the development of agents to control aflatoxins
production.
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RESUMO

INIBICAO DA PRODUCAO DE AFLATOXINA POR POLYMNIA SONCHIFOLIA E SUA
CITOTOXICIDADE IN VITRO. Polymnia sonchifolia é utilizada popularmente no controle da
diabetes mellitus e, também, apresenta componentes com atividade antifungica e pesticida. O
extrato etandlico (EE) das folhas e suas fra¢es hexanica (HE), cloroférmica (CL), acetato de etila
(EA) e metandlica (ME) foram testados para avaliar a atividade inibitéria no crescimento e na
producéo de aflatoxinas B1 (AFB1) e B2 (AFB2) pelo fungo Aspergillus flavus. A citotoxicidade de
EE, EA e ME foi avaliada em células Vero. Suspens6es de esporos de A. flavus foram inoculados
em meio YES juntamente com diferentes concentragdes de EE, HE, CL, EA e ME. As aflatoxinas B1
e B2 foram extraidas e analisadas por cromatografia de camada delgada. Todas as concentragdes
de EE, EA e ME inibiram a producéo de aflatoxinas B1 e B2. A fragdo HE inibiu a produgéo de
aflatoxina B1 e o crescimento somente na concentracdo de 100pug/mL, enquanto que a producao
de AFB2 foi inibida por todas as concentrac¢@es. A fracdo CL ndo produziu efeito sobre A. flavus
nas concentragdes testadas. As folhas de Polymnia sonchifolia possuem substancias com capacidade
de inibir a producéo de aflatoxinas B1 e B2, podendo ser utilizada para o desenvolvimento de
métodos de controle da producédo de aflatoxinas.

PALAVRAS-CHAVE: Aflatoxinas, citotoxicidade, Aspergillus flavus, Polymnia sonchifolia.

INTRODUCTION

Aflatoxinsare agroup of mycotoxins produced by
strainsofthefungus Aspergillusflavusand A. parasiticus,
and these species have been reported to contaminate
a variety of foods and feeds (ANSARI & SHRIVASTAVA,
1991). The interest in aflatoxins has focused on
aflatoxin B1, primarily due to its extreme acute and
chronic toxicity and its carcinogenic activity in ani-

mal, in addition to its potential effects in human
(CouLowmek, 1991). Previous studies have shown that
the biosynthesis of aflatoxin B1 can be inhibited by a
number of compounds (DutToN & ANDERSON, 1980),
and extracts of certain plants are toxic to fungi and
may be useful in controlling the fungal growth and
mycotoxin production (SteiNnHART et al., 1996). Plant
extracts, suchasthose fromgarlicand onion, effectively
retard growth and aflatoxin production (FAN & CHEN,
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1999). Natural compounds, such as flavonoids,
biflavonoids, essential oilsand others, are alsoactive
inaflatoxininhibition (BuLLermaNetal., 1977; SoBoLEv
et al., 1995; MaLLozzi et al., 1996; NorTon, 1999;
GoncALEz et al., 2001). There is increasing interest in
antifungical agents for growth control of mycotoxin
producingstrains, however,some of the agents have
toxic residue problems (CouLomeg, 1991).

Polymnia sonchifolia, called "yacon" in Brazil, is
used popularly on the control of diabetes mellitus.
The hypoglycemiceffect of the aqueous extracts of
its leaves was demonstrated in rats (Avear et al.,
2001). Its leaves are highly pest-resistant, because
that plant produce antifungical compounds (Inoue
etal.,1995). PinToetal. (2001) showed the inhibitory
activity of aflatoxin B1 and B2 production of
aqueous extract from P. sonchifolia leaves. This
paper describes the inhibitory activity of the
ethanolic extract from leaves of P. sonchifolia and
itsfractions hexanic (HE), chloroformic (CL), ethyl
acetate (EA) and methanolic (ME), against growth
of Aspergillus flavus, production of aflatoxins B1
and B2, and cytotoxicity in Vero cells.

MATERIALSAND METHODS

Preparation of plant extract and of the fractions

Leavesof P.sonchifoliawere collected inacropfield
located in Capéo Bonito city, Sdo Paulo State, Brazil.
The dried (40° C) and powdered leaves (725 g) were
submitted to three extractions with ethanol (98%) at
roomtemperature. Solventwasfiltered and evaporated
undervacumtoyield69gofadryresidue (EE). The EE
was separated into 4 fractions by CC on silica gel 60
(Merck, Germany) using first hexane, CHCI,, AcOEt
and MeOH respectivelyyielding 7,8 gof hexanic (HE),
25,5 g of chlroformic (CL), 13,2 g of etyl acetate (EA)
and 19,7 g of methanolic (ME) fractions.

Culture conditions

Aspergillusflavus IM1190 (International Mycology
Institute, London)was grown on potato dextrose agar
(Difco Laboratories, Detroit, Mich) plates for 10 days
at 25° C until well sporulated. The spore suspension
used as inoculum was prepared washing culture
withsterile 0.01% Tween 80 (Merck, Germany). Spore
counts were conducted using a Neubauer Chamber
(MaLLozzietal., 1996).

Growth of Aspergillus flavus and aflatoxins

production

A. flavus was used to evaluate the fungal growth
and the aflatoxins B1 and B2 inhibition. The semi-
synthetic YES culture mediumwas used for aflatoxin
production (Davisetal., 1966). The method here used

was previously described inthe literature (PiNnToetal.,
2001). Briefly, suspensions of A. flavus spores (1.3 x 10°
spore/mL)wereinoculated into50mL of YESmedium
atdifferent concentrations of EE, 0 (control), 50, 100,
150, 200, 250, 300 and 350 pg/mL and 0 (control), 25,
50,75and 100 mg/mL for HE, CL,EAand ME. Sterile
0.01% Tween 80 (Merck, Germany) was used like
vehicle in the control cultures. Eight replicates were
performed foreachdilution ofthe EE, HE,CL,EAand
ME. The extraction of aflatoxins were done by adding
chloroform to the culture medium, shaking and
separating of chloroformic phase. Extracts were
analyzed by thin layer chromatography against
aflatoxin B1 and B2 standard. Aflatoxins
guantification were done by photodensitometry
(Shimadzu, CS9000) of the spots.

Cytotoxicity assay

African green monkey cells (VERO) (BIOVET
laboratories, Brazil) were grown in minimal essential
medium (MEM) supplemented with 10 % of fetal calf
serum (FCS) for use in cytotoxicity assay (FERNANDES &
Simoni, 1995).

Ethanolic extracts of P. sonchyfolia (EE) and its
fractions (EA and ME) were dissolved in 1 mL of
ethanol, diluted tofinal concentrationof2mg/mLin
1:1distilled waterand MEM and filtered through 0.22
pm Millipore membranes.

The method used for the cytotoxicity test was
reported intheliterature (ITacakietal., 1991). Briefly,
using a 96-well tissue culture microplate containing
0.1 mL of MEM into each well (column 1 to 12) was
inoculated 0.1 mL ofextractintocolumn 1. Extractand
fractionswere two-fold serial diluted until column 6.
Thewellsfromcolumns1to8wereseeded with0.1mL
of MEM containing 3.0 x 10 cells. Two-fold serial cell
dilutions were made from columns 8 to 11, and the
microplate was incubated for 72hat37° Cin5% CO,
atmosphere. Themediumwasthenremovedand cells
were fixed and stained with 0.1 mL of 0.4% crystal
violet in methanol for 30 min. Absorbance at 595nm
was measured by an automatic microplate reader
(BIO-RAD, 3550 UV). The absorbance of the control
wells, which contained notest material, was regarded
as100%, and the percentage absorbance for each well
was calculated. The concentration atwhichthe growth
of cells was inhibited to 50% of the control (I1C, ) was
obtained from the dose-response curves. The
experimentwas repeated three times.

Statistical analysis

The statistical analysis was performed using one
way analysis of variance (ANOVA) and Tukey-
Kramer multiple comparisons test with significance
levelp<0.05and g>4.457. The correlation coefficient
was also calculated.
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RESULTSAND DISCUSSION

Effects on aflatoxin B1 and B2 production and
fungus growth after using the EE, HE, EA and ME
compared with the control are shown in Figures 1, 2,
3,4 and 5.

The concentrations of EE 50, 100, 150, 200, 250, 300
and 350 pg/mL reduced the aflatoxins B1 and B2 at
64%, 83%, 68%, 79%, 84%, 62%, 61% and 87%, 98%,
98%, 96%, 98%, 90%, 83% respectively. The EEdid not
inhibited the AFB1 and AFB2 production in a
concentration-dependentmanner (Figs.1and 2). The
inhibition of aflatoxin B1 and B2 production by EA
and ME fractionswere concentration-dependent (Figs.
4and5). The EAand ME concentrations 25,50 75and
100 pg/mL reduced AFB1 prodution at 20%, 35%,
60%, 78% and 33%, 49%, 75%, 87% respectively. AFB2
prodution was also reduced for EA and ME at 55%,
70%, 83%, 95% and 74%, 75%, 88%, 97% respectively.
These inhibition were significantas measured by the
ANOVA test, showing significance at p < 0.05. The
Tukey-Kramer test,comparing the controlwithall the
concentrations, showed p <0.05and q>4.457, proving
the inhibitory effect caused by EE, EA and ME.

Mycelial dry weight was used to compare fungal
growthintreated and untreated cultures. EE inhibited
the fungus growth only at 350 pg/mL concentration
(p < 0.05) (Fig. 1). The percentage of inhibition was
calculated in 32%.

EA and ME inhibited fungus growth in all
concentration tested (p <0.05) (Figs.4and5),and the
highest inhibition was obtained in 100 pg/mL, 34%
and 57% respectively.

HE fraction inhibited AFB1 and fungus growthin
all concentration tested, butonly 100 mg/mL showed
statistically significantinhibition (p <0.05), where the
inhibition were 97% and 38% respectively. All
concentrationinhibited the AFB2 production (p<0.05),
but 100 pg/mL inhibited 99% of the production (Fig. 3).

CL fraction did not inhibit the fungus growth
either AFB1 and AFB2 production (p > 0.05) in the
concentration tested.

The correlation between the fungus biomass and
AFB1 and AFB2 production were calculated for EE,
EA, ME and HE. EE showed low positive correlation
between fungus growth and AFB1 (r=0.28) and r =
0.33forthe fungusgrowthand AFB2. Thiswas because
the EE inhibited the aflatoxin B1and B2 but the fungal
growthwasinhibited onlyin350 ug/mL.EA, MEand
HE fractionsshowed high positive correlation between
fungusgrowthand AFB1 production (r=0.91;r=0.95
and r =0.95 respectively), and the same results were
obtained to AFB2 (r = 0.98; r = 0.98 and r = 0.92
respectively). These results were obtained becauseall
the concentrations of EA, ME and HE inhibited the
fungus growth and the AFB1 and AFB2 production.

P. sonchifolia leaves probably have more than one
substanceabletoinhibit AFB1, AFB2 productionand
the fungal growth, because fractions with different
polarity are active.

HE fraction is composite for apolar substances,
and relates in the literature showed that apolar
substances like essential oils and terpenes are active
againstA. flavusor A. parasiticus (ANSARI & SHRIVASTAVA,
1991; BuLLERMAN et al., 1977).

Polar substances like flavonoids, biflavonoids,
isoflavonoids, estilbenes and tanines were related
with inhibited the fungus growth and the aflatoxin B1
and B2 production (MaLLozz et al., 1996; NorTON,
1999; GoncaLEzetal., 2001; WeiDENBORNER et al., 1989;
AzazeH & PeTTiT, 1990; WEIDENBORNER €t al., 1990). The
ME and EA fractions are composite for polar
substances. The CL fraction iscomposite for substances
with polarity lower than EA and ME.

The literature did not relate inhibition for AFB2
productionbutalltheextractanditsfractionsdecreased
the production when compare with the control.

Cellculturesystemsproviderapid and inexpensive
information for toxicity studies (SecNEr et al., 1994).
Figure 6 shows representative dose-response curves
obtained for EE, EA and ME from P. sonchifolia by the
crystal violet staining method using VERO cells. As
much as lower the concentration, greater was the
absorbance, indicating that the number of viable cells
decreases withincreasing concentrations of the extract
orfractions. EEand ME atthe concentration below 125
pg/mLdid notinhibitcell growth,and exposureto 1,00
pg/mL caused complete suppression of cell growth
after 72h, and EA showed suppression at 125 ug/mL,
thusshowing thatinhibition of cell growthwere dose-
dependent. The IC, and the standard deviationofcell
growth were 460 pg/mL + 62,22; 130 pg/mL + 96,72
and592pug/mL 115,12 for EE,EAand ME respectively,
indicating that the EE from P. sonchifolialeaves may be
safely used at the concentrations tested, although
additional toxicity tests are necessary.

Natural substances may be important for the
aflatoxin control, mainly if these do not leave toxic
residues, and the cytotoxicity assay showed that EE,
EA and ME had low cytotoxicity for Vero cells.

The HE fractionwas nottested in Verocells because
it was only soluble in solvents no toxic for the cells.
The CLwas nottested in VVero cells because itwas not
active against A. flavus.

P. sonchifolia leaves may have more than one
substances with inhibitory activity towards
production of aflatoxins B1 and B2 by Aspergillus
flavus under conditions in vitro. All the tested
concentrations caused inhibition of aflatoxin
production, and these did not cause cytotoxicity.
Therefore, Polymnia sonchifolia could be a promising
plant to reduce aflatoxin B1 and B2 production.
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Fig. 1 - Production of aflatoxin B1 and dry weight of
mycelium by Aspergillus flavus cultures after treatment
with different concnetrations of the ethanolic extract (EE)
from P. sonchifolia. The results correspond to mean + S.D.
*p <0.05.
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Fig. 3 - Production of aflatoxin B1 and B2 and dry weight
of mycelium by Aspergillus flavus cultures after treatment
with different of the hexanic fraction (HE) of P. sonchifolia.
The results correspond to mean £ S.D. * p < 0.05.
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Fig. 5 - Production of aflatoxin B1 and B2 and dry weight
of mycelium by Aspergillus flavus cultures after treatment
with different of the methanolic fraction (ME) of P.
sonchifolia. The results correspondtomean+S.D.*p <0.05.
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Fig. 2 - Production of aflatoxin B2 and dry weight of
mycelium by Aspergillus flavus cultures after treatment
with different concentrations of the ethanolic extract (EE)
from P. sonchifolia. The results correspond to mean + S.D.
*p <0.05.
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Fig. 4 - Production of aflatoxin B1 and B2 and dry weight
of mycelium by Aspergillus flavus cultures after treatment
with different of the ethyl acetate fraction (EA) of P.
sonchifolia. The results correspondtomean+S.D. *p <0.05.
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Fig. 6. - Dose-response curve of EE, EA and ME from P.
sonchifolia on Vero cells growth. Data correspond to
percentages of the control (100%).

Arq. Inst. Biol., Sdo Paulo, v.70, n.2, p.139-143, abr./jun., 2003



Inhibilition of aflatoxin production by Polymnia sonchifolia and its in vitro cytotoxicity.

ACKNOWLEDGEMENTS

Theauthorsare grateful the Fundacéo de Amparo
a Pesquisa do Estado de S&o Paulo (FAPESP) for
supporting the research, and the Conselho Nacional
de Desenvolvimento Cientificoe Tecnoldgico (PIBIC-
CNPq) for the grant of Marina M. Pinto and the Dr.
Yukie Saito Hirata for the statistic analysis support.

REFERENCES

ANsARI, A.A & SHRIVASTAVA, A.K. The effect eucalyptus oil
growth and aflatoxin production by Aspergillusflavus.
Lett. Appl. Microbiol., v.13, p.75-77, 1991.

AvBaARr, M.J.; RiIEra, A.N.S.; Grau, A.; SANCHEZ, S.S.
Hypoglycemiceffect of the water extract of Smallantus
sonchifolius (Yacon) leaves in normal and diabetic
rats. J. Ethnopharmacol., v.74, p.125-132, 2001.

Azazen, H.A. & PetTiT, R.E. Effect of peanuttanninextracts
on growth of Aspergillus flavus and aflatoxin
production. Mycopathologia, v.110, p.125-132, 1990.

BuLLErmMAN, L.B.; Liey, F.Y.; SEier, S.A. Inhibition of growth
and aflatoxin production by cinnamon and clove oils.
Cinnamic aldehyde and eugenol. J. Food Sci., v.42,
p.1107-1109, 1977.

CouLomsE, R.A. Aflatoxin. In: SHARMA, R.P. & SALUNKHE, D.K.
(Eds.), Mycotoxinsand Phytoalexins. London: CRC Press,
1991, p.103-144.

Davis, N.D.; DieNer, U.L.; ELbriDGE, D.W. Production of
aflatoxins B1 and G1 by Aspergillus flavus in
semisynthetic medium. Appl. Microbiol., v.14, p.378-
380, 1966.

DuttoNn, M.F. & AnDEersoN, M.S. Inhibition of aflatoxin
biosynthesis by organophosphorus compounds. J.
Food Prot., v.43, p.381-384, 1980.

Fan, JJ. & CHeN, J.H. Inhibition of aflatoxin-production
fungibywelsh onionextracts.J. Food Prot.,v.62, p.414-
417, 1999.

FeErNnANDES, M.J.B. & Simoni, I.C. Caracterizagdo de linha-
gens celulares: Identificacdo de espécies por anélise
isoenzimatica. Arg. Inst. Biol., S&o Paulo, v.62, p.59-63,
1995.

GoNcALEz, E.;FeLicio, J.D.; PinTo, M.M. Biflavonoids inhibit
the production of aflatoxin by Aspergillus flavus. Braz.
J. Med. Biol. Res., v.34, p.1453-1456, 2001.

INnoUE, A.; TaMmocaMI, S.; KaTo, H.; NAKAZATO, Y., AKIYAMA,
M,; Kobpama, O.; AKATSUKA, T.; HAsHIDOKO, Y.
Antifungical melampolides from leaf extracts of
Smallanthus sonchifolius. Phytochemistry, v.39, p. 845-
848, 1995.

ITacakl, H.;HAGIND, S.; KATO, S.; KoBAavAsHI, T.; UMEDA, M. An
in vitro alternative to the draize eye-irritation test:
evaluation of crystal violet staining method. Toxicol.
In Vitro, v.5, p.139-143, 1991.

MaLLozzi, M.A.B.; Correa, B.; HARAGUCHI, M.; BRIGNANI, F.N.
Effect of flavonoids on Aspergillus flavus growth and
aflatoxin production. Ver. Microbiol., v.27, p.161-167,
1996.

NorTon, R.A. Inhibition of aflatoxin B1 biosynthesis in
Aspergillus flavus by anthocyanidins and related
flavonoids. J. Agric. Food Chem., v.47, p.1230-1235,
1999.

PinTo, M.M.; GongaLEZ, E.; Rossi, M.H.; FeLicio, J.D.;
MEebINA,C.S.; FERNANDES, M.J.B.; Simon, I.C. Activity
of the aqueous extract from Polymnia sonchifolia
leaves on growth and production of aflatoxin B1
by Aspergillus flavus. Braz. J. Microbiol., v.32, p.127-
129, 2001.

SeGNER, H.; Lenz, HANKE W.; ScHUURMANN, G.
Cytotoxicity of metals toward rainbow trout R1
cell line. Environ. Toxicol. Water Quality Int. J., v.
9, p. 273-279, 1994.

SoeoLev, V.S.; CoLE, J.R.; DorNER, J.W. Isolation, purification,
and liquid chromatographic determination of
stilbene phytoalexins in peanuts. Assoc. Off. Anal.
Chem. Int., v.78, p.1177-1182, 1995.

STEINHART, C.E.; DovLe M.E.; CocHRANE, B.A. Mycotoxins.
In: STEINHART, C.E; DoyLE, M. E.; CocHRANE, B.A.
(Eds), Food safety. New York: Marcel Dekker, 1996,
p.376-394.

WEIDENBORNER, M.; HiNDORF, H.; JHA, H.C.; TsoTsonos, P.
Antifungical activity of flavonoids against storage
fungi of the genus Aspergillus. Phytochemistry, v.29,
p.1103-1105, 1990.

WEIDENBORNER, M.; HINDORF, H.; JHA, H.C.; TsoTtsonos, P.;
Ecce, H. Antifungical activity of isoflavonoids against
storage fungi of the genus Aspergillus. Phytochemistry,
v.28, p.3317-3319, 1989.

Received on 12/12/02
Accepted on 1/4/03

Arq. Inst. Biol., Sdo Paulo, v.70, n.2, p.139-143, abr./jun., 2003

143



