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Abstract: The antimicrobial activity of anthraquinone emodin isolated from Aspergillus awamori WAIR120 (LC032125)
culture was investigated against some clinical, phytopathogenic and foodborne pathogenic microorganisms using an agar
diﬀusion method. Among bacterial and fungal strains tested, the highest activity was obtained against Enterococcus faecalis
AHR7 as well as Aspergillus niger OC20 with minimal inhibitory emodin concentration of 125 and 85 µg/mL, respectively.
Emodin was found to induce morphogenic eﬀects including swelling and elongation of bacterial cell and conidiation decrease,
pigmentation loss, and cytoplasmic retraction of fungal cell, as was shown by light microscopy. Additionally, cellular eﬀects
were also resulted, in which emodin caused considerable changes in the nature of cell membrane and submicroscopic structure
of bacterial and fungal cell, as was shown by transmission electron microscopy. Furthermore, there was an evidence of a
disruption of lipid metabolism of fungal cell. These ﬁndings thus indicate the future possibility of exploiting emodin as an
eﬀective inhibitor of clinical, phytopathogenic and foodborne pathogenic microorganisms.
Key words: emodin; antibacterial; antifungal; ultrastructure; Aspergillus niger; Enterococcus faecalis.
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Abbreviations: HPLC, high performance liquid chromatography; MIC, minimal inhibitory concentration; TEM, transmission electron microscopy; TLC, thin layer chromatography.

Emodin (1,3,8-trihydroxy-6-methylanthraquinone) is a
natural anthraquinone derivative found in many higher
plants (Izhaki 2002). It was ﬁrst described more than
90 years ago, reported as ‘frangula-emodin’ from the
fungus Dermocybe sanguinea Wulf. (Kögl & Postowsky
1925). Emodin has since been identiﬁed as one of the
pigmented products in culture extracts of Cladosporium fulvum Cooke (Agosti et al. 1962), Penicilliopsis clavariaeformis (Shibata et al. 1957), Penicillium
brunneum Udagawa (Shibata & Udagawa 1963), Penicillium avellaneum (Thom et Turreson) (Natori et al.
1965), Penicillium islandicum Sopp (Ghosh et al. 1977),
Aspergillus ochraceus Wilhelm (Yamazaki et al. 1971),
Aspergillus wentii Wehmer (Wells et al. 1975) and Aspergillus cristatus (Anke et al. 1980).
Several diverse biological activities were exhibited
by emodin. It was reported to possess purgative, antiinﬂammatory, antioxidant, antiparasitic and anticancer
eﬀects (Wang 1993; Chang et al. 1996; Izhaki 2002; Lu
et al. 2008). Additionally, emodin has been shown to
induce apoptosis (Shieh et al. 2004) and suggested to
have anti-metastatic property in tumour cells (Zhang
et al. 1998). Also, it has been widely studied as antiallergic (Wang et al. 2012), anti-diabetic (Xue et al.

2010), and neuroprotective agent (Wang et al. 2007).
Emodin has been also found to be an active antimicrobial agent in several trials. It was found to possess
antiviral (Barnard et al. 1992), antibacterial (Le Van
1984; Wang & Chung 1997) and antifungal (Singh et al.
1992) activities. It was used successfully to inhibit the
growth of Helicobacter pylori (Wang & Chung 1997)
and Aeromonas hydrophila (Lu et al. 2011). Emodin
has sometimes been classiﬁed as a mycotoxin since it
does have some moderate animal toxicity (the oral 50%
lethal dose in 1-day-old cockerels is 3.7 mg/kg of body
weight and a light diarrheagenicity is observed in survivors) (Wells et al. 1975). Emodin was found to contribute to DNA damage by inhibiting the catalytic activity of topoisomerase II (Mueller et al. 1999) and
induce muscle contractions by the release of internal
Ca2+ as a result of oxidation of the ryanodine receptor
(Cheng & Kang 1998). Most of the activities induced
by emodin are dose-related and diﬀerent eﬀective doses
for a speciﬁc activity have been found in diﬀerent organisms (Boik 1995).
In spite of these applicable qualities and the diverse biological activities of emodin, the information
regarding the mode of action of this anthraquinone
compound on bacterial and fungal cell is very limited. Therefore, the present study was undertaken to
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evaluate the antimicrobial activities of emodin against
some clinical and foodborne pathogens, and to demonstrate the mechanism of emodin antimicrobial activity
through cyto-morphological studies.

Material and methods
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Inoculum preparation and cultivation conditions
Fungal spores from 7-day-old cultures of A. awamori were
harvested by ﬂooding of the slants with sterile water containing 0.1% Tween 20 and gently scrapping oﬀ spores with
a sterile glass rod. Spore concentration was adjusted to
2 × 106 per mL using a hemocytometer. Seed cultures were
carried out in 500 mL Erlenmeyer ﬂasks containing 100 mL
of yeast extract dextrose (pH 5.5) broth (1.5% yeast extract
and 6% glucose), and inoculated with a 2% (v/v) spore suspension. The ﬂasks were then dark-incubated in static cultures at 30 ◦C for 10 days.

y

Emodin producing fungal strain
Aspergillus awamori WAIR120 (LC032125) was isolated
from stored wheat grain sample obtained locally from a
retail supermarket (Zagaig, Egypt). The macro and microscopic features of the recovered fungal isolate was extensively studied on Czapek’s yeast agar and malt extract
agar media (Moubasher 1993). The strain was molecularly
identiﬁed based on the sequence of 18S rRNA – 28S rRNA
(ﬂanking the sequence of ITS1, 5.8S rRNA, and ITS2). Sequence homologous to that of isolated fungus was identiﬁed in the NCBI GenBank database using BLASTP and
BLASTX programs (Altschul et al. 1997). The fungal culture was positive for emodin-producing ability, as described
later. It was maintained on potato dextrose agar (Difco,
Sparks, OK, USA) slants and stored at 4 ◦C.
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Fig. 1. TLC of emodin separated from A. awamori culture giving orange-red spots in visible light. Lane 1, emodin standard
(Sigma-Aldrich, Taufkirchen, Germany); lane 2, emodin sample
of A. awamori.

Extraction of emodin from A. awamori cultures
The procedure of emodin extraction was adopted according to Wells et al. (1975) with some modiﬁcations. Culture ﬁltrate was defatted with n-hexane, after which emodin
was extracted with an equal volume of chloroform that was
shaken for approximately 30 min in a separating funnel,
and allowed to stand for 30 min. The chloroform layer was
ﬁltered over anhydrous sodium sulphate, then evaporated
under vacuum until dryness. The dried crude extract was
dissolved in absolute ethanol and undergone the necessary
chromatographic analysis.
Qualitative and quantitative analysis of emodin
The ethanol extract samples were loaded with reference
standard of emodin (Sigma-Aldrich, Taufkirchen, Germany)
on thin layer chromatographic (TLC) plates using chloroform:acetone (93 : 7, v : v) as a developing system. Emodin
spots (Rf = 0.61) were separated as orange-red colour in
visible light (Fig. 1), scrapped oﬀ, eluted with chloroform
and further re-chromatographed. The puriﬁed emodin was
then crystallized from ethanol solution and quantiﬁed with
a Spectronic Molton Roy Co., 20 D recording spectrophotometer. The spectrophotometric dosage (Al-Nuri et al.
1996) was made at 520 nm with a reaction comprising
Britton-Robinson buﬀer solution (a mixture of 0.04 M phosphoric acid, 0.04 M boric acid, and 0.04 M acetic acid that
has been titrated to pH 12 with 0.2 M NaOH). The absorbance was measured after 2 min against a buﬀer solution

as a reference and the emodin concentration was obtained
using the linear range of a standard curve.
The identity of emodin was also conﬁrmed by high performance liquid chromatography (HPLC; Surveyor, Thermo
Scientiﬁc Company, USA). The HPLC analysis column
speciﬁcations are: 5.0 × 100 µm, 4.6 mm of Hypersil goldC18 at 25 ◦C. The mobile phase consisted of methanol and
2% aqueous acetic acid at a ratio of 70:30 and pumped at
a ﬂow rate of 1.0 mL/min. The photodiode array detector was set at wavelength of 220 nm and an injection volume of 20 µL was used (Panichayupakaranant et al. 2009).
The data of HPLC analysis of the sample separated from
A. awamori culture and that of the authentic sample showed
that emodin was separated at the same retention time (Rt =
3.0 min) (Fig. 2).
Susceptibility studies
Preparation of emodin working solution. The separated
emodin from TLC plates was pooled and dissolved in chloroform at concentration of 10 mg/mL and stored in the dark at
–20 ◦C. For antimicrobial assay, crystalline emodin was dissolved in sterile Britton-Robinson buﬀer solution (pH 7.0)
to obtain the desired concentrations (50–200 µg/mL) used
in the assay.
Microorganisms used in the susceptibility test. Eighteen
microorganisms, from bacterial and fungal lab stocks (Table 1) were employed in the antimicrobial assay of emodin.
All strains were maintained on appropriate media (nutrient
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Fig. 2. The HPLC chromatogram of emodin with a retention time, 3.0 min. (a) Standard; (b) sample obtained by A. awamori WAIR120
(LC032125).

agar slants for bacteria and potato dextrose agar slants for
fungi) and stored at 4 ◦C.
Assay procedure. The antimicrobial screening of emodin was carried out by determining the zone of inhibition
using well diﬀusion method (Basu et al. 2005). Cell suspensions of 107 colony forming unit per mL were prepared
from either 24-h-old bacterial or yeast cells. The 500 µL suspension was mixed well with 15 mL molten agar medium
(nutrient and Sabouraud medium for bacteria and yeast,
respectively) then distributed in sterilized Petri-dish. After
solidiﬁcation of medium, circular well (7.0 mm, diameter)
was aseptically bored into culture medium using cork-borer
and 50 µL of emodin solution was added to the well. Preliminary tests were performed to determine the emodin eﬀectiveness at 50, 100, 150 and 200 µg/mL. Plates, after staying
at 4 ◦C for 2 h were incubated at 37 ◦C for 24 h. Similarly, the
well diﬀusion assay of emodin concentrations was applied to
Czapek’s agar (15 mL) inoculated with 500 µL fungal spore
suspension of ﬁlamentous fungi tested. The spore concentration was adjusted to 107 per mL from 7-day-old cultures.
The plates were then refrigerated for 2 h, then incubated
for 5 days at 28 ◦C. After incubation, all the plates were observed for the zone of inhibition and diameter of these zones
were measured in millimeters.
The growth of the most sensitive microorganism (ei-

ther bacterial or fungal strain) was further tested at different concentrations ranged from 70 to 150 µg/mL. Well
containing lowest concentration that still showed inhibition
zone around, it was seemed to be the minimal inhibitory
concentration (MIC). Meanwhile, the minimum cidal concentration was determined by moving a swab over inhibition
zone surface and re-inoculating on to a fresh agar medium,
and the highest dilution where there were no survivors was
recorded as MBC and MFC.
Antibacterial and antifungal antibiotics discs (HiMedia
Chemicals Pvt., Ltd., Mumbai, India) belonging to diﬀerent
classes according to their structures were used as positive
reference standards in the susceptibility studies. The antibacterial antibiotics included amoxicillin/clavulanic acid,
cefotaxime, rifampicin, tobramycin, and vancomycin. The
antifungal antibiotics included amphotericin B, ﬂuconazole,
itraconazole, ketoconazole, and nystatin. Discs were aseptically placed over inoculated agar plates and incubation
conditions were done, as described earlier.
Cyto-morphological studies
For evaluating the cyto-morphological alterations induced
by emodin, Enterococcus faecalis AHR7 and Aspergillus
niger OC20 (the most sensitive bacterial and fungal strains)
were treated with emodin at the sublethal dose (120 and
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Table 1. Bacterial and fungal strains used in the antimicrobial
assay and their sources.
Organisms tested
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Table 2. Diameter of inhibition zones (mm) resulted from sensitivity of microbial species to emodin in the preliminary test using
agar well diﬀusion assay.a

Source
Emodin (µg/mL)
Organisms tested
ATCC 11229
ATCC 15442
ATCC 14028
ATCC 6538
ATCC 8729

Clinical bacterial strains
Bacillus subtilis
B. cereus
Enterococcus faecalis
Klebsiella pneumoniae

BW2a
GST4a
AHR7b
AHR10b

Foodborne bacterial strains
Listeria monocytogenes
L. ivanovii

FLB6c
FLB12c

Clinical fungal strains
Aspergillus flavus
A. fumigatus
A. glaucus
A. niger
Phytopathogenic and foodborne
fungal strains
Penicillium vulpinum
P. expansum

ATCC 10231
OC1d
OC12e
OC16e
OC20e

E. coli
P. aeruginosa
S. typhi
S. aureus
S. pneumoniae
B. subtilis
B. cereus
E. faecalis
K. pneumoniae
L. monocytogenes
L. ivanovii
C. albicans
A. flavus
A. fumigatus
A. glaucus
A. niger
P. vulpinum
P. expansum

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

100

150

200

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.80c
0.00
0.00

13.6b
11.0a
0.00
0.00
13.0b
0.00
0.00
20.0b
0.00
0.00
9.0b
0.00
9.0b
0.00
0.00
11.6b
12.0b
0.00

19.0a
11.6a
0.00
0.00
15.0a
0.00
20.3a
25.3a
0.00
0.00
13.6a
13.6a
12.0a
0.00
0.00
14.0a
13.0a
0.00

y

Standard fungal strains
Candida albicans

50

a Calculated mean is for triplicate measurements from two independent experiments. Means with diﬀerent superscripts in the
same row are considered statistically diﬀerent (the least signiﬁcant diﬀerence test, P ≤ 0.05).

CM1f
B11 (LC015096)g

a Originally

Transmission electron microscopy (TEM)
Cells of E. faecalis and A. niger were processed following
protocol described by Ismaiel et al. (2012). Brieﬂy, samples
were ﬁxed in glutaraldehyde (2.5% solution in phosphate
buﬀer, pH 7.4) for 3 h at room temperature. They were then
washed twice in fresh buﬀer and post ﬁxed in 1% osmium
tetraoxide solution in phosphate buﬀer for 2 h at 4 ◦C. After
thorough washing in phosphate buﬀer, samples dehydrated
in a graded series of ethanol (50-100%), passed in three
changes of acetone:ethanol (1 : 2, 1 : 1 and 2 : 0) for 10 min
each at room temperature and embedded in resin capsule.
The capsules containing the samples were sectioned with a
diamond knife (Ultramicrotome RMC, USA) into ultrathin
sections about 70 nm that were carried out on copper grids
and contrasted with uranyl acetate and lead citrate before
examination using a JEOL-1200 EX microscope.
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isolated from a patient with a respiratory tract infection in the Microbiology Department, Faculty of Medicine,
Zagazig University, Egypt.
b Originally isolated from a urine sample of a patient with a urinary tract infection in El-Ahrar Hospital, Zagazig, Egypt.
c From frozen lean beef (Ismaiel et al. 2014).
d Originally isolated from a human corneal ulcer case (Ismaiel et
al. 2012).
e From ocular infection (Abd El-Aal 2012).
f Causes phytotoxicity to maize seedlings (Ismaiel & Papenbrock
2014).
g Originally isolated from a decaying apple sample (Red Spur Delicious) (Ismaiel et al. 2016).
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Standard bacterial strains
Escherichia coli
Pseudomonas aeruginosa
Salmonella typhi
Staphylococcus aureus
Streptococcus pneumoniae

80 µg/mL, respectively). Bacterial cells were collected by
centrifugation (at 3,000 rpm for 15 min) from 24-h-old cultures grown on nutrient broth containing emodin. Fungal
mycelia were taken from 7-day-old cultures grown in emodin
supplemented Czapek’s broth. After washing with distilled
water, the samples were prepared for examination by light
and electron microscopy.
Light microscopy (LM)
Bacterial slides were prepared from a heat ﬁxed smear and
stained by modiﬁed Gram’s stain method. Brieﬂy, the microscope slides were immersed for 1 min in crystal violet
solution, then in the Gram’s iodine solution followed by
washing with 95% ethanol and staining with safranin. For
fungal mycelia, samples were prepared for microscopy by
placing a part of growth on slides, mounting in distilled
water and covering each sample with a coverslip. Samples
were viewed with a XSZ-107B microscope (Ningbo Optical Instrument, China) with a 100× oil immersion objective and photographed with attached digital-coupled device
camera and capture software (Motic images, Ltd., MicroOptic, Industrial Group Co., Ltd., Japan) at 1,000× total
magniﬁcation.

Statistical analyses
Results were expressed as the mean ± standard deviation.
Statistical signiﬁcance was evaluated using analysis of variance (ANOVA, SPSS software version 22, IBM Corp., NY)
test followed by the least signiﬁcant diﬀerence test at 0.05
level.

Results
Antimicrobial activity of emodin
Eighteen microbial strains were screened for their sensitivity to the antimicrobial activity of emodin using
agar well diﬀusion assay (Table 2). Bacterial strains
showed a varied response to the emodin antimicrobial
activity. E. faecalis was the most sensitive bacterial
strain to emodin, followed by B. cereus and E. coli.
S. pneumoniae and L. ivanovii were less sensitive and
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Table 3. Diameter of inhibition zones (mm) resulted from the antimicrobial activity of emodin and standard antibiotics against
E. faecalis and A. nigera
Emodin (µg/mL)

Standard antibacterial antibiotics

Microorganism
E. faecalis

115
0.0h

120
0.0h

125
13.0f g

130
15.3e

135
17.3d

140
18.6c

145
20.0b

150
21.3a

Emodin (µg/mL)
A. niger

65
0.0g

70
0.0g

75
0.0g

80
0.0g

85
9.0f

VA
18.0cd

RA
12.3g

AMC
0.0h

TOB
13.3f

CTX
0.0h

Standard antifungal antibiotics

90
9.3ef

95
10.0de

100
10.6bc

IT
13.3a

NS
11.0b

KT
10.6bc

AMP
11.3b

FU
0.0g
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a VA: vancomycin; RA: rifampin; AMC: amoxicillin/clavulanic acid; TOB: tobramycin; CTX: cefotaxime; IT: itraconazole; NS: nystatin; KT: ketoconazole; AMP: amphotericin B; FU: ﬂuconazole. Calculated mean is for triplicate measurements from two independent
experiments. Means with diﬀerent superscripts in the same row are considered statistically diﬀerent (the least signiﬁcant diﬀerence
test, P ≤ 0.05).

Fig. 3. Photographs of morphological eﬀects induced by emodin (120 µg/mL) on E. faecalis AHR7 cells grown in nutrient broth for 24 h
and stained by modiﬁed Gram’s stain method. (a) Control cells (without emodin treatment) appeared spherical or oval (clusters, short
chains, pairs and singles). (b) Emodin-treated cells appeared swollen and some cells appeared in elongated ﬁlament. In photographs,
the scale bar = 20 µm.

P. aeruginosa was the least sensitive to emodin. In contrast, S. typhi, S. aureus, B. subtilis, K. pneumoniae,
and L. monocytogenes showed a negative response to
emodin. Upon testing the emodin activity on fungi,
a comparable mean diameter of inhibition zone (12–
14 mm at 200 µg/mL) was obtained with A. niger,
A. ﬂavus, C. albicans and P. vulpinum. Meanwhile,
A. niger was the most sensitive to emodin recording
a 14 mm inhibition zone. Emodin did not exhibit any
activity against A. fumigatus, A. glaucus, and P. expansum. Data further showed that the emodin activity was
produced at high concentrations (150 and 200 µg/mL)
and signiﬁcant diﬀerences (P ≤ 0.05) in the diameters
of growth inhibition zone were obtained when the ﬁrst
concentration was compared with the second one.
The antimicrobial potency of emodin was determined in term of MIC and in comparison with com-

mercial antibiotics against E. faecalis and A. niger (Table 3). The MIC and MBC values of emodin against
E. faecalis were equal (125 µg/mL). Comparatively,
the MIC and MFC of emodin against A. niger were
smaller (85 and 90 µg/mL, respectively). Upon applying commercial antibiotics testing positive activity, rifampin, vancomycin, and tobramycin showed a less inhibitory activity than emodin at high concentrations
(145 and 150 µg/mL), however at lower concentrations of emodin (125 and 130 µg/mL), the inhibitory
activity was comparable to rifampin and tobramycin.
Unlike, amoxicillin/clavulanic acid mixture and cefotaxime showed negative inhibitory eﬀect on the E. faecalis growth. Regarding to A. niger, nystatin, ketoconazole, and amphotericin B generally showed a comparable antifungal activity to that exhibited by emodin at
100 µg/mL. As compared with the low emodin concen-
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However, cells treated with emodin appeared elongated
(Fig. 5d) and some cells were irregularly shaped with
loss of symmetry (Fig. 5f). In such cells, an uneven distribution of the cytoplasm commonly occurred and the
cell wall and plasma membrane became more denser
(Fig. 5d-f). Moreover, a part of the cytoplasmic material in some cells may be released through formation of
cracks (Fig. 5d) and the usual submicroscopic structure
of the cells was no longer observed clearly in the treated
cells (Fig. 5d-f).
Eﬀect of emodin on subcellular structures of A. niger. TEM studies of A. niger control hyphae and
emodin-treated hyphae revealed extensive diﬀerences
(Fig. 6). Control cells (Fig. 6a–c) showed that the
cell wall was composed of a single uniform layer and
both plasma membrane and periplasm region were regular with normal thickness. The cytoplasm was granular containing abundance of euplasmic organelles with
glycogen reserves. In hyphal cells treated with emodin,
dramatic changes were observed, such as detachment
of the plasma membrane from the cell wall and appearance of wide space region in some sections (Fig. 6e,f).
Some hyphae appeared to be collapsed and almost devoid of protoplasma (Fig. 6d,e). In such cells, it is hard
to identify cell organelles and some sections contained
disorganized mitochondria (Fig. 6d). Other cells showed
the presence of great number of lipid bodies in their cytoplasm (Fig. 6f).

's

tration 85 µg/mL, these antibiotics exhibited a little
bit greater activity. Meanwhile, itraconozole was the
most eﬀective and demonstrated a relative greater activity than other antibiotics and emodin. Interestingly,
A. niger was resistant to ﬂuconazole.
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Fig. 4. Photographs of morphological eﬀects induced by emodin (80 µg/mL) on A. niger OC20 grown in Czapek’s broth for 7 days.
(a) Control conidiophore with large and radiated conidial head and clearly visible conidia. (b) Emodin-treated conidiophore with
distortion of conidial head, decrease in conidiation and visible loss of pigmentation. In photographs, the scale bar = 100 µm.
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LM examination
The eﬀects of emodin on the morphology of E. faecalis
cells examined by LM are shown in Figure 3. Emodin induced swelling of the growing bacterial cells (the length
and width of cells have been increased, Fig. 3b), as compared with the control cells (without emodin treatment,
Fig. 3a). The images of treated cells further showed that
emodin appeared to induce the formation of some elongated ﬁlament cells (Fig. 3b).
Observations of A. niger conidiophore with its
conidial head after treatment with emodin are presented in Figure 4. Microscopic examination of the control conidiophore showed clear homogenous cytoplasm
and smooth walls, hyaline at the base becoming brownish at the apex. The conidial head appeared radiate
with clearly visible strigmata bearing a profuse conidiation (Fig. 4a). Examination of emodin-treated conidiophore revealed several morphological aberrations including distortion, decreased conidiation (lack of sporulation), visible loss of pigmentation, cytoplasmic retraction, and reduction in conidial head (Fig. 4b).
TEM examination
Eﬀect of emodin on subcellular structures of E. faecalis. TEM observations of E. faecalis normal (control)
cells and cells treated at sublethal emodin concentration are presented in Figure 5. The control cells appeared spherical or oval, and cytoplasm was relatively
uniform and that the plasma membrane was in continuous close contact with the cell wall (Fig. 5a-c).

Discussion
The anthraquinoid pigment emodin was identiﬁed in
cultures of A. awamori WAIR120 (LC032125) isolated
from stored wheat grain sample. Using 1.5% yeast
extract – 6% glucose broth (yeast extract dextrose,
pH 5.5), the emodin-producing ability of the fungal
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Fig. 5. TEM micrographs of 24-h old E. faecalis AHR7 control (without emodin treatment) and sample (treated with 120 µg/mL
emodin) cells. TEM micrographs (a–c): control cells showing uniform cell wall (CW), which was tightly attached to plasma membrane
(PM) and highly dense cytoplasm containing DNA-rich and ribosomes-rich regions. TEM micrographs (d–f): sample cells showing
inconsistency attaching of the cell wall to plasma membrane due to appearance of space region between them (black arrowhead in the
micrograph “f”), uneven distribution of cytoplasm, and release of cytoplasmic material through crack formation (white arrowhead in
the micrograph “d”). In all micrographs, the scale bar = 1.0 µm, except for the micrograph “c”, where the scale bar = 500 nm.

strain was in amount of up to 42.7 µg/L. Emodin has
previously been found in a wide variety of botanical and
fungal species (Turner & Aldridge 1983; Izhaki 2002).
In this respect, Chang et al. (2010) identiﬁed emodin
among three secondary metabolites in the culture extract of A. awamori strain F12 (isolated from rhizospheric soil of Rhizophora stylosa Griﬀ).
In this study, a preliminary test was conducted
to elucidate the antibacterial and antifungal eﬀect
of emodin towards some bacteria and fungi isolated
from diﬀerent origins (clinical, foodborne pathogenic,
phytopathogenic and standard strains) using the agar
well diﬀusion technique. Results demonstrated that
emodin at high concentrations (150 and 200 µg/mL)
displayed a considerable variability in antimicrobial
activity against bacteria tested. Antibacterial activity was observed against Gram-positive and Gramnegative bacteria. Bacterial species can be arranged
in the following order according to sensitivity to
emodin: E. faecalis, B. cereus, E. coli, S. pneumoniae, L. ivanovii, and P. aeruginosa. Similarly, Le
Van (1984) found that emodin inhibited some soil
species of Gram-positive and Gram-negative bacteria. These species were Arthrobacter globiformis, Azo-

tobacter chroococcum, Bacillus megaterium, Chlorella
pyrenoidosa, and 4 Rhizobium spp. Chukwujekwu et
al. (2006) reported that emodin (from Cassia occidentalis roots) was active against 2 Gram-positive bacteria
(B. subtilis ATCC 6051 and S. aureus ATCC 12600)
and was not active against 2 Gram-negative bacteria (K. pneumoniae ATCC 13883 and E. coli ATCC
11775). Results of testing the activity of emodin on
fungi showed that emodin was eﬀective againstA. niger,
A. ﬂavus, C. albicans and P. vulpinum and the ﬁrst
species was the most sensitive. On the other hand,
A. fumigatus, A. glaucus, and P. expansum showed
no response to emodin activity. In the same connection, Donnelly & Sheridan (1986) stated that emodin
could be used eﬃciently to control the growth of
the pathogenic basidiomycete fungus, Fomes annosus (Fr) Cooke (strain 608). Singh et al. (1992) investigated the emodin eﬀect on spore germination of
17 fungal species and found that maximum inhibition (100%) in spore germination was observed in
Aspergillus luchuensis, Botrytis cinerea, Cladosporium
cladosporioides, Helminthosporium sp. and Trichothecium sp. at 2,000 µg/mL. These authors further showed
that less than 50% inhibition of spores germination of
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Fig. 6. TEM micrographs of 7-day oldA. niger OC20 control (without emodin treatment) and sample (treated with 80 µg/mL emodin)
hyphae. TEM micrographs (a–c): control hyphal cells showing uniform cell wall (CW), which was thoroughly close in contact with
plasma membrane (PM), highly dense cytoplasm containing normal euplasmic organelles as glycogen (G), mitochondria (M), nucleus
(N), ribosomes (R), vacuole (V). TEM micrographs (d–f): sample hyphal cells showing completed detachment of the plasma membrane
from the cell wall, wide space (SP, micrographs “e” and “f”) deteriorated mitochondria (M), total cytoplasma necrosis resulting in
emptying and collapse (the micrograph “e”), and lipid bodies (L). In all micrographs, the scale bar = 2.0 µm, except for the micrograph
“d”, where the scale bar = 500 nm.

all fungi tested was obtained when emodin was used at
500 µg/mL.
The MIC results obtained for emodin againstE.
faecalis AHR 7 and A. niger OC20 (the most sensitive
bacterial and fungal strains) were 125 and 85 µg/mL,
respectively. Emodin showed cidal action on the two
clinical pathogens, where the MBC was 125 µg/mL
against the ﬁrst strain and the MFC was 90 µg/mL
against the second strain. Antimicrobial activity of
emodin was diﬀerent depending on microbial species
and strains. Accordingly, Le Van (1984) demonstrated
that minimal emodin concentrations against soil bacterial species were 10–200 µg/mL. Lu et al. (2011)
found that emodin has a bactericidal activity on several strains of Aeromonas hydrophila recording MIC
value of 50 µg/mL. Chukwujekwu et al. (2006) showed
that emodin exhibited a remarkable bacteriostatic effect on B. subtilis and S. aureus recording MIC values
of 7.8 and 3.9 µg/mL, respectively. However, Chang et
al. (2010) reported that MIC of emodin against these
two bacterial species was 32 and 16 µg/mL, respectively. Basu et al. (2005) evaluated the MIC of emodin
for B. cereus (0.5 µg/mL), B. subtilis (1.5 µg/mL)

and B. pumilus (2.0 µg/mL), and further reported
that the value was found to be greater for P. aeruginosa (70.0 µg/mL) and S. aureus (90.0 µg/mL).
Anthraquinones isolated from Coccoloba mollis root
(emodin was the most active compound) were fungicidal at 6.25 mg/mL against phytopathogenic fungi
(Botryosphaeria ribis, B. rhodina, and Lasiodiplodia
theobromae) (de Barros et al. 2011).
Results of comparison between the activity of
emodin and commercial antibiotics against E. faecalis
and A. niger showed that emodin at high concentrations (145 and 150 µg/mL) exhibited a greater activity against E. faecalis than rifampin, vancomycin, and
tobramycin, however at lower concentrations (125 and
130 µg/mL), the inhibitory activity was comparable to
rifampin and tobramycin. Upon testing the antifungal
agents as positive controls on A. niger, itraconozole was
more eﬀective than emodin, but nystatin, ketoconazole, and amphotericin B generally showed a comparable antifungal activity to that exhibited by emodin
at 100 µg/mL. In a previous study (Chukwujekwu et
al. 2006), emodin exhibited a higher antibacterial activity against S. aureus ATCC 12600 when compared
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nisms, by which emodin inhibits fungal growth. Although the mechanisms underlying the antifungal actions of emodin have never been investigated, some previous reports demonstrated the antibacterial mode of
action (Wang & Chung 1997; Lu et al. 2011). These
studies showed that emodin can bind and insert into
the bacterial cell membrane, leading to loss of cytoplasmic membrane integrity. The studies also proposed
that emodin might inhibit electron transfer of the respiratory chain, substrate oxidation, and dehydrogenation
processes in the bacteria. Additionally, it was also suggested to induce DNA damage and target intracellular
processes in bacteria beyond membrane permeabilization, which might be the cause of cell death, as demonstrated in this study.
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Conclusions
Emodin separated from A. awamori WAIR120 culture
(a local strain isolated from stored wheat grain sample)
displayed a good antimicrobial activity against some
clinical, phytopathogenic and foodborne pathogenic microorganisms. Among bacteria and fungi tested, E. faecalis and A. niger (two clinical strains) were found to
be the most sensitive to emodin. Its antimicrobial potential was comparable to some commercial antibiotics
or more eﬀective than others. The deleterious cytomorphological alterations induced by emodin in bacterial and fungal cell reﬂect its antimicrobial properties. This study has been the ﬁrst to demonstrate the
mode of action of emodin on fungal cell through LM
and TEM studies. On the basis of these results and due
to its rapid absorption into blood, quick distribution
into liver (Peng et al. 2008), extensive metabolism and
in vivo antioxidant activity occurred in rats (Shia et
al., 2010), emodin appears to hold a promise in control
of microbial pathogens growth, especially in the clinical
and agricultural ﬁelds.
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to the standard neomycin. In another study (Basu et
al. 2005), the MICs of emodin against Bacillus species
compare favourably with the standard antibiotics, such
as chloramphenicol, penicillin, streptomycin and erythromycin.
In the present study, the LM examination of
emodin-traeated E. faecalis indicated that emodin induced swelling of the growing bacterial cells and some
cells appeared elongated ﬁlament. These cell abnormalities inductions resemble those obtained with mycotoxins preparations against B. thuringiensis (Berliner) and
S. typhi (group D) (Auﬀary et al. 1984; Ezzat et al.
2007). The morphological changes induced by emodin
on A. niger conidiophore, in particular decreased conidiation, visible loss of pigmentation, and cytoplasmic
retraction are similar to those observed in Cinnamomum zeylanicum essential oil on A. niger P-03 (Carmo
et al. 2008), and garlic extract on A. ﬂavus OC1 (Ismaiel et al. 2012). Emodin was found to be an extremely
potent inhibitor of fungal spore germination (Singh et
al. 1992).
The TEM studies of the emodin mode of action
on E. faecalis cell showed that cells appeared elongated
and some cells were irregularly shaped with loss of symmetry. This supports the results of Le Van (1984) who
reported that in the presence of emodin, the bacterial cells developed aberrant morphological forms. Additionally, emodin has been found to be mutagenic
to Salmonella typhimurium TA1537 (Masudo & Ueno
1984). The images of emodin-treated cells revealed that
the diﬀerence between DNA-rich and ribosomes-rich cytoplasmic regions was no longer observed clearly. In this
regard, Lu et al. (2011) stated that emodin inhibits
cellular functions by binding to cell DNA after penetrating the cell membrane resulting in a cell death.
Our TEM observations on emodin-treated E. faecalis
further showed that a part of the cytoplasmic material in some cells may be released through formation of
cracks and this may explain the antibacterial activity
of emodin against Gram-positive bacteria as owing to
increased permeability of the cell wall and plasma membrane. Accordingly, Ubbink-Kok et al. (1986) suggested
that emodin aﬀects strongly the energy-transducing
properties of E. coli (ML 308-225) membranes either
by inhibiting electron ﬂow in the electron transfer system or by dissipating the proton motive force, and the
antibiotic actions of emodin are most likely caused by
these eﬀects on energy transduction in the cytoplasmic
membranes.
TEM observations on emodin-treated hyphae of
A. niger revealed ultrastructural alterations including
detachment of the plasma membrane from the cell
wall, collapse of hyphae, which almost devoid of protoplasma, deterioration of cell organelles, and accumulation of lipid bodies. A previous study has demonstrated that anthraquinone derivatives of C. mollis root
have antifungal activity and this activity could be due
to a change in membrane permeability arising from
the membrane lipid alteration (de Barros et al. 2011).
Our TEM studies suggest possible antifungal mecha-
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