Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(5):12-20

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

The possible mechanism of antifungal activity of cinnamon oil
against Rhizopus nigricans

Yaru Li%, Ying Nie*, Linyan Zhou*, Shurong Li%**, Xuanming Tang", Yang Ding*and
Shuying Li*

Key Laboratory of Agro-product Processing and Quality Control/Institute of Agro-Products Processing Science
and Technology, Chinese Academy of Agricultural Sciences, Beijing, China
?Beijing Vocational College of Agriculture, Beijing, China

ABSTRACT

Cinnamon oil has been confirmed as a useful antifungal agent to inhibit Rhizopus nigricans. However, the
antifungal mechanism has not been clearly revealed. The possible mechanism as follows were investigated, such as
the effects of cinnamon oil on the cell morphology, cell membrane and the activities of the key enzymes in
tricarboxylic acid (TCA) cycle. Cinnamon oil can inhibit the mycelia growth of R. nigricans, and scanning electron
microscope (SEM) observations revealed that the mycelia morphology alterations of R. nigricans were the markedly
shriveled and collapsed hypha, even flatted empty hyphae, swelled cell wall, disrupted plasma membrane, with
cytoplasmic matrix leakage. Furthermore, cinnamon oil inhibited the biosynthesis of ergosterol significantly,
damaging the cell membrane structure, causing the leakage of intracellular ions, protein and the higher absorbance
at 260nm. Moreover, cinnamon oil affected the energy metabolism of R. nigricans by decreasing the activities of
succinate dehydrogenase (SDH) and malate dehydrogenase (MDH) in tricarboxylic acid (TCA) cycle.
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INTRODUCTION

Postharvest losses in harvested fruit and vegetaibch very high values, representing more thés 60the total
production in developing countries and more thafdb industrialized countries, if we did not adagitimal
postharvest handling and storage technofdg\Much of these losses are owing to the attackun§j&l pathogens
because of the high amount of water content andemis of fruits. The pathogens that cause the mpostharvest
diseases are belonging Aspergillus, Alternaria, Botrytis, Mucor, Colletotrichum, Rhizopus, Penicillium and other
generd” R nigricans is a major cause of plum, peach, apricot and attwere fruits postharvest disea&&sPeople
always apply the synthetic fungicides to contr@ thiseases, however, the chemical fungicides haueadlogical
and environmental risks. Many researchers havestxton the study of natural fungicides such asnéaseils in
recent years.

Cinnamon oil is one of essential oils as an aramatly liquids obtained from twigs, bark, leaveg, & of
Cinnamomum cassia that belongs td.auraceae family and usually grows in South and South-Easia&!. Previous
studies have shown that cinnamon oil is useful a@®aa preservative to inhibit the growth of foodated
microorganisms, such aBscherichia coli, Listeria monocytogenes, Saphylococcus aureus, Rhizopus species,
Aspergillus species andPenicillium species et df. Cinnamon has been used in medicine and granteerajey
recognized as safe (GRAS) status as a food additivine FDA!".. The main compounds of cinnamon oil trans-
cinnamicaldehyde, cinnmyl cinnamate, andbenzyl ainate et al which are responsible for the antinbiedo
activity 1. In our previous study, cinnamon oil demonstrasighificant antifungal activity againgghizopus
nigricans, andthe minimum inhibitory concentration (MIC) was OLYmL. However, the mechanism of the action
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against fungi has not been identified clearly. Bimas of this research were (1) to study the angfdiractivity of
cinnamon oil againsR. nigricans, (2) to reveal the possible mechanism of cinnamdnagainstR. nigricans
including the hyphal morphology, the effects ofr@mon oil on cell membrane, the activities of SOid &DH.

EXPERIMENTAL SECTION

1.1 Essential oil
The cinnamon oil was bought from Ecoarts Entergi8®nghai) Co., Ltd.

1.2 Fungi and culture

The R. nigricans was isolated from dried apricots. It was grown Todays on potato dextrose agar (PDA) at 28°C
before the experiment. The fungal strain cultureseanmaintained on potato dextrose agar (PDA) at #t@ old
cultures were transferred to a fresh medium ewgoyrhonths to avoid the decline of strain viability.

1.3 Experimental methods

1.3.1 Fungi incubation and sample collection

An aliquot of 1 mLR. nigricans suspension (¥Ospores/mL) was inoculated into 100 mL Potato deserbroth
(PDB) medium and incubated at 28°C, 160 rpm forafsd and then 1 MIC (0.1pL/ml, obtained from anothe
experiment), 0.5 MIC (0.05pL/mL) cinnamon oil wereéded in the fungal suspension respectively, nitiaddvas
into the control group. The suspensions were in@at 28°C, 160 rpm for 24 h. Samples from th@ensions
were collected at 3 h intervals during the incutratiThe suspensions collected at different timeeveentrifuged at
5000 rpm for 10 min to obtain mycelium and supengtand then the mycelium was washed with digtiiater
twice. Each test was run in triplicate.

1.3.2 Antifungal effects of cinnamon oil on the wet mycelia weight

The effect of essential oil on the wet mycelia rtigas determined by the method of Tian éf!aMycelium was
collected as before, and then the weight of myoelivas determined by using electronic balance (YB200
Shanghai Youke Instrument Co., Ltd. Shanghai, Qhina

1.3.3 SEM observations

To examine the effects of cinnamon oil on fungdl gerphology, SEM studies were carried out as reggbwith
some modification§%. After incubation, mycelium exposed to cinnamolnvare fixed with 2.5% glutaraldehyde
in 0.1 mol/l phosphate buffer (pH=7.4) for 2 h am temperature. After fixation, the samples warbydrated in a
graded ethanol series (30, 50, 70, 80, 90% anditags at 100%) for a period of 10 min in each serfd last, they
were dipped into pure isoamyl acetate replacemeattimes, each time for 30 min. The samples wereddby
sublimation in a freeze dryer (ES-2030, Hitachikyi@ Japan), then gold-coated using a sputter mgatiachine
(IB-5, Eiko, Japan) for 60 s. These samples weagnixed in a SEM (QUANTA 200F, FEI, USA).

1.3.4 Effects of cinnamon oil on cell membrane

The suspensionesollected at different time were centrifuged at ®@Pm for 10 min to obtain supernatant. The
electric conductivity, the amount of protein anc tAbsorbance at 260 nm ¢4\ ,) of the supernatant were
determined to explain the changes of membrane @dititg and the release of the cellular materiatcérding to
Paul et al™ and Shao et af’, the electric conductivity and the absorbance6ét @m of the obtained supernatant
were measured in a conductivity meter (DDS-307,n§hai Precision Scientific Instrument Co., Ltd. Sglaai,
China) and an UV/Vis spectrophotometer (TU-1901ijilg Purkinje General Instrument Co., Ltd., BeginChina),
respectively. The determination of the amount ot@in was carried out according to the work of Boadl™™? with
bovine serum albumin as a standard.

1.3.5 Deter mination of ergosterol content in the cell membrane

Cellular ergosterol was examined as described by & al*® and Brilhante et al*¥, with some modifications.
The ergosterol content was counted as a percerthglee wet weight. An aliquot of 10 mL 25% alcololi
potassium hydroxide solution (35 mL of sterile st water and 25 g of KOH, brought to 100 mL wtB0%
ethanol) was added into every sample and mixe@ foin by vortex (SK-1, Shanghai Yiheng Instrumedts, Ltd.,
Shanghai, China), then incubated at 85°C for 4 fterAthe incubation, samples were allowed to c@ordom
temperature. Ergosterol was extracted from eaclpleaby adding n-heptane. 5 mL n-heptane was aduedttie
mixture and mixed for 2 min by vortex (SK-1, Shaagkiheng Instruments Co., Ltd., Shanghai, China] then
stood for 1 h at room temperature to allow the daye separate. The n-heptane layer was measurad biv/Vis
spectrophotometer (TU-1901, Beijing Purkinje Gehérstrument Co., Ltd., Beijing, China) at 282 nmda
compared to a predetermined standard ctivve
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1.3.6 Deter mination of dehydrogenase activity

1.3.6.1 Effect of Cinnamon oil on SDH of R. nigricans

The activity of SDH was examined as described by &tal.*®, with some modifications. Each approximately 2 g
wet mycelium was re-suspended in 10 mL phosphafferbPBS, pH 7.4), and then broken with ultrasoumdtce
bath for 10 min (550 W, working for 3 at 3 s intals), then centrifuged at 5000 rpm for 5 min at 43@rder to
remove mycelia fragments and conidia. The supenhatas assayed using the SDH assay kit purchased fr
Nanjing Jiancheng Institute of Bioengineering (Niagj Jiangsu, China) depending on the statementthef
manufacturer. The activity of SDH can be expressed:

1 U/mg protAAgod/(0.01- min-mg protein)

1.3.6.2 Effect of Cinnamon oil on MDH of R. nigricans

The activity of MDH was examined by some modificas of the assay described by Yao etl&l. Each
approximately 2 g wet mycelium was re-suspendedimL phosphate buffer (PBS, pH 7.4). Cell suspmissivere
broken with ultrasound in ice bath for 10 min (838Qworking for 3 at 3 s intervals), and then cdogéed at 10000
rpm for 30 min at 4°C. The supernatants were ctitband stored at ice temperature for MDH measunesné&he
activity of MDH was assayed by using the MDH assdy purchased from Nanjing Jiancheng Institute of
Bioengineering (Nanjing, Jiangsu, China) accordmthe statements of the manufacturer. The actofitDH was
expressed as:

1 U/mg protAAzsd (0.01- min-mg protein)

1.4 Satigtical analysis
All experiments were performed in triplicate. At&tcal package (SPSS, version 17.0 for WindowaSS Inc.)
was used for the data processing. Differences wamsidered significant at0.05.

RESULTSAND DISCUSSION

2.1 Antifungal activities of Cinnamon oil on the wet mycelia weight

Cinnamon oil and its main compounds are known tulexbroad antimicrobial activity. The effects cihnamon
oil on the mycelia growth dR. nigricans are shown in Fig.1. Cinnamon oil inhibited the gowf R. nigricans with

a dose-dependent manner. The wet mycelia weighbiwtirol group increased 1.421 g and no signifi¢&g0.05)
mycelia growth was recorded with cinnamon oil tneat. Cinnamon oil at 1 MIC caused the higher iitidib of
mycelia growth than 0.5 MIC. The results indicatkdt cinnamon oil exhibited antifungal activity tre mycelia
growth of R. nigricans, and the mycelia growth was recorded to changé witreasing oil concentrations and
incubation time. Xing et al”? found that the MIC of cinnamon oil agairi&tnigricans was 0.64% (v/v), however,
our studies showed that no mycelia growth was dembiat 0.Jul/mL. This difference occurred may be attributed
to the different components of these two kindsiohamon oils.

2.2 Effects of cinnamon oil on cell mor phology

The changes in the cell morphologyRfnigricans are presented in Fig.2. Untreated cells showedpraance of
smooth surface and oval shape with uniform andsttyphae of constant diameter in 24 h (Fig.2a—e). Sithitace
of cells treated with cinnamon oil at 0.5 MIC bedarshrink at 6 h (Fig.2g). The hyphal structurelemvent greater
morphological changes with clear foam, dissolvelll wells and leakage of cytoplasmic matrix at 1ZHig.2h).
Cells began to repair and grow after 18 h (Figa2ijl the same with the control at 24h (Fig.2j). €akkated with
cinnamon oil at 1 MIC were damaged more signifigatitan 0.5 MIC, accompanying with collapsed arattéined
empty hyphae, and died ultimately (Fig.2k-0). Tleendge was more serious with the extension of tigr@gs.
Shao et al®! and Tian et al*” obtained similar results, and they found that etisleoil could result in degenerately
modifications of fungal microstructure, such asrdased hyphal diameters, vacuolated, markedly edledvand
crinkled hypha, collapsed and flattened empty hgpptasma membrane disruption and swelling of hiypiadl.

2.3 Effects of cinnamon oil on cell membrane

The electric conductivity (Fig.3) in the PDB cukumedia all significantly (#0.05) increased with the incubation
time after cinnamon oil treatment. Thegf\,m (Fig.4) of culture media treated with cinnamoniodreased sharply
after the treatment for 3 h, and then the 0.5 Mi@ug got to the balance, the 1 MIC group got tolthkance after 6
h. However, the mount of protein (Fig.5) in the PBlture media increased in 12 h, then began toedse at the
concentration of 0.5 MIC. Meanwhile it continuedinorease in incubation time at the concentratibh bIIC. The
result indicated that the fungal cells could replaémselves after 12 h with the antibacterial @gtiof cinnamon oil
reducing at 0.5 MIC. All the samples treated witlnamon oil at 1 MIC showed higher values of theaemeters
than those of 0.5 MIC.
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Fig.1: Effect of Cinnamon oil on mycelia weight of Rhizopus nigricans
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Fig.2: Scanning electron microscopy (SEM) of Rhizopus nigricanstreated with Cinnamon oil over time

The microbial cell membrane plays an important lialanaintaining cell normal life. It isolates thetracellular
material from environment and maintains the matterria energy balance. It is generally said thac#lemembrane
which is the target for antibacterial agefifs Burt® proposed that the hydrophobic compounds of esgesitiare
responsible for their partition into the lipid layef the cell membrane, resulting in a change imability and a
consequent leakage of cell constituents. Membraammade can be demonstrated by measuring the leakage
intracellular contents, such as reducing sugar, gretein, ATP, RNA, nucleotides, et dt°. In our study, a
significant loss of cell constituents has been olebwith cinnamon oil treatments. Other antimiéablsompounds,
such as mustard essential Bif, phenyl aldehyde and phenyl propanBffisoregano-basil EO combinatffin
Melaleuca alternifolia oil (Tea Tree Oil, TTO} also induced the release of cell constituentseimsing. Shao et al.
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(9 evaluated the inhibitory effects of TTO agaiBstrytis cinerea in vitro. The antifungal mechanism of TTO was
associated with its effects on the permeabilitgelf membrane, performing the increasing electoieduictivity and
the absorbance at 260 nm. Sun ef?dlshowed that rosemary acid resulted in the leakdgeducing sugar and
protein ofEscherichia coli andSaphylococcus aureus. All of these results suggest that the cytoplasnmaéeniorane is
damaged. Our study led to a similar conclusion thatmembrane structure of the fungal is signifiaimpaired
by cinnamon oil. The increased cell release, eteconduction and protein leakage were considesdukta direct
result of the damaged membrane.
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Fig.3: Effect of Cinnamon oil on electrical conductivity of Rhizopus nigricans
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Fig.4: Effect of Cinnamon oil on cell release of Rhizopus nigricans
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Fig.5: Effect of Cinnamon ail on protein of Rhizopus nigricans

2.4 Effects of ergosterol content in the plasma membrane

The effects of cinnamon oil on the ergosterol amdauithe cell membrane &. nigricans are shown in Fig.6. There
was not significant (?0.05) change with the control samples. Meanwhiéedtgosterol content first increased, and
then began to decrease with the treatment of cionamil at the concentration of 0.5 MIC. Howevedécreased
continuously in incubation time period at the contcation of 1 MIC. And higher concentrations of m@mon oil
resulted in smaller amounts of ergosterol fromfthegal cells. The results demonstrated that thestegol quantity
(at 282 nm) in the plasma membraneRofigricans was significantly inhibited by cinnamon oil andosted a
dose-dependent decrease.

Ergosterol is the major sterol constituent of thadal plasma membrane, responsible for maintainieghbrane
fluidity, asymmetry, integrity and the cell funatis'®. Some studies have shown that series of compasuatsas
CJEO oil®, phenyl acetaldehyde and eugefd) dill oil ™ et al. can target the ergosterol of membrane. &hes
compounds can either inhibit the biosynthesis gbsterol or bind with ergosterol to disrupt the rbeame integrity
compared t@zole antifungal drugs, which is a kind of well koinhibitors of ergosterol biosynthesis. Khanlet a
18 had suggested that phenyl aldehyde and propanisisis af compounds could inhilgtgosterobiosynthesis and
simultaneously bind witlergosteral resulting in the membrane damagifighe main compound of cinnamon oil is
cinnamicaldehydé® that has the same aldehyde groups, so we couldigdar result that cinnamon oil can
decrease the quantity of ergosterol with the irgirep concentration by inhibiting the normal ergoste
biosynthesis.

2.5 Effects of dehydrogenase activity

The effects of cinnamon oil on the SDH and MDH tiis in R. nigricans cells are presented in Fig.7 and Fig.8.
The SDH and MDH activities of control group onlyosted a slight change within the incubation timeigubfor 24
h, and the activities all decreased after cinnamibtreatment. The SDH activity of 0.5 MIC groupaohed the
minimum of 1.05 U/mg prot when incubated for 12ahd then increased. The SDH activity of 1 MIC coméid to
decrease in incubation time, and it almost lostabtvity at the end of incubation time. MDH valugsanged as
similar as the regulation of SDH with a little ligithe MDH value of 0.5 MIC group was 5.58 U/mg towhen
incubated for 12 h. The MDH value was 1.33 U/mgt atathe end of incubation when treated with cinaaroil at
the concentration of 1 MIC. In general, the dehgertase activities of the treated group were lohean the control
group throughout the examined incubation periode Thange in the activities of SDH and MDH of fungall
treated with cinnamon oil followed the same pattsrihat.
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Fig.6: Effect of Cinnamon oil on ergosterol of Rhizopus nigricans

Succinate dehydrogenase plays an important rothencellular energy metabolism of microbes, andaisvity
reflects the energy metabolic status of the baadtegll. Malate dehydrogenase, enzyme of NADP+mNADPH

by accepting hydrogen from metabolites during hitisgsis ™. Our studies showed that cinnamon oil has
pronounced inhibitory effect on the dehydrogenagities. Similarly, terpenes and protamine cosighnificantly
inhibit the activities of both SDH and MDEP. Yao et all*® suggested that nobiletin and tangeretin changed th
enzymes structures by reacting with their side rclggibups, resulting in conformational changes ef émzymes
which decreased enzyme activity.
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Fig.7: Effect of Cinnamon oil on SDH of Rhizopus nigricans
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Fig.8: Effect of Cinnamon oil on MDH of Rhizopus nigricans
CONCLUSION

Cinnamon oil has antifungal activity and can chatigemycelia morphology dr. nigricans. Further studies show
that cinnamon oil can inhibit the ergosterol biakgsis of the fungal membrane resulting in the dgemaf cell
membrane, leading to cell content leak appearingigiger electric conductivity, A nmand the amount of protein.
And then the compounds of cinnamon oil can enter tine cells to decrease the activities of SDH lsiidH of the
tricarboxylic acid (TCA) cycle to affect the enengetabolism. The current study may provide someetsidndings
of cinnamon oil as an antifungal agent.
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