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Abstract

Physalis alkekengi L. (Solanaceae) is a popular plant in traditional European and Chinese folk medicine,
and it has been reported to have many ethnopharmacological properties including antifungal, anti-cough,
anti-inflammatory, analgesic, and febricide activities. Some active components from Physalis species have
been investigated. However, no antimicrobial activity studies on extracts and physalins of P. alkekengi have
been carried out. In this study, we attempted to identify the possible antimicrobial activities of the metha-
nol extract from aerial parts of P. alkekengi and the dichloromethane extract from calyces of the plant.
The extracts were tested against five Gram-positive and five Gram-negative bacteria and five Candida spe-
cies by using disk diffusion and broth microdilution methods. The extracts were fractionated to isolate
physalins using chromatographic techniques, and physalin D was isolated from the extracts. The structure
of the compound was elucidated on the basis of "H-NMR spectroscopic study, and confirmed by compari-
son with a reference sample and literature data. Results indicated that all the extracts and physalin D were
characterized by antibacterial action, especially against Gram-positive bacteria, with MIC values between
32 and 128 pg/mL. The methanol extract had moderate activity against fungi at MICs ranging from 128 to
512 pug/mL, but the dichloromethane extract and physalin D had low activity against fungi at MICs ranging
from 256 to 512 ug/mL. Additionally, the antioxidant activity of physalin D was evaluated by qualitative
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical and TBA (thiobarbituric acid) assays. Physalin D showed low

antioxidant activity with an IC_ value of > 10+2.1.
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Introduction

The genus Physalis, which belongs to the family
Solanaceae, includes about 120 species mainly distrib-
uted in Mexico, Europe, and Southeast and Central Asia
(Ahmad et al., 1999; Perez-Castorena et al., 2004). Some
of them (i.e. P peruviana L., P. philadelphica Lam.,
P angulatal., and P. alkekengiL.) are used as food as well
as in popular medicine. P. peruviana, commonly known
as “cape gooseberry” or “goldenberry,” is a tropical plant

bearing orange edible fruits. The plant has been used in
East and Southeast Asian folk medicine for treating can-
cer, leukemia, hepatitis, rheumatism, and other diseases
(Ahmad et al., 1999; Ramadan & Morsel, 2003; Wu et al.,
2004). P. philadelphica has been used for the treatment
of gastrointestinal disorders in Guatemala, and for treat-
ingleprosy, purifying the blood, and as a poison antidote
in Mexico. The fruits of P. philadelphica, known as toma-
tillos, are used as an ingredient in foods such as sauces
and relishes in place of tomatoes in North America (Su
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et al., 2002). P. angulata is an annual herb indigenous
to many parts of the tropics and subtropics, including
Taiwan. Extracts from this plant have been used in tra-
ditional medicine in Taiwan to treat malaria, hepatitis,
rheumatism, liver problems, and tumors (Bastos et al.,
2006; Hsieh et al., 2006; He et al., 2007). P. alkekengi,
known as “Winter cherry,” is used in Chinese medicine
as an expectorant, antitussive, diuretic, and oxytocic
agent. Use of the fruits of P. alkekengi as an analgesic,
antibacterial, and contraceptive drug in folk medicine
has been reported (Vessal et al., 1991; Basey et al., 1992).
The Physalis genus is represented by one species in
Turkey. This species is P. alkekengi L., which grows in
South, North, and Central Anatolia (Baytop, 1978). The
plant has been used as a diuretic, antipyretic, and seda-
tive in Turkish folk medicine (Baytop, 1999).

Physalis species are known to contain 16,24-cyclo-13,
14-secosteroids called physalins. Matsuura et al. (1970)
reported the isolation and structural determination of
physalin A as a bitter principle of P. alkekengi var. fran-
cheti. The presence of physalins B and Cin the same plant
was also reported (Kawai & Matsuura, 1970). P. alkekengi
var. francheti has led to the identification of physalins
A-C, physalins L-S, and physalin T (Kawai & Matsuura,
1970; Matsuura et al., 1970; Kawai et al.,, 1987, 1992,
2001; Makino et al., 1995a). More than a dozen physalins
(from physalin C to physalin T) have been isolated from
Japanese and Indian Physalis species (Row et al., 1978,
1980; Kawai et al., 1987, 1992, 1995, 2001; Makino et al.,
1995a, 1995b), but P. alkekengi originating from Turkey
has not been previously investigated. Additionally,
alkaloids, flavonoids, volatile compounds, carotenoids
and inorganic elements have also been determined in
different parts of the plant as minor metabolites (Basey
et al., 1992; Ramadan & Morsel, 2003; Perez-Castorena
etal., 2004).

Previous studies have focused on the isolation and
characterization of secondary metabolites, whereas
it has been demonstrated that some of the extracts or
active principles obtained from Physalis species have
a broad spectrum of biological activities, including
antileukemic, antitumor, immunomodulator, cyto-
toxic, antimycobacterial, antimicrobial, molluscicidal,
antihepatoma, and antinociceptive activities in recent
studies (Chiang et al., 1992a, 1992b; Januario et al., 2002;
Shim et al., 2002; Su et al., 2002; Dos Santos et al., 2003;
Soaresetal., 2003; Wu et al., 2004; Choudharyetal., 2005;
Lee & Houghton, 2005; Silva et al., 2005; Bastos et al.,
2006; Magalhaes et al., 2006; Damu et al., 2007; Castro
et al., 2008). It has been previously reported that the
crude extract (i.e. methanol/water, ethanol, or aqueous
extract) or physalin-containing fractions obtained from
P angulata aerial parts possess antibacterial, antimyco-
bacterial, and antigonorrheal activities, which can be
related to the presence of physalin compounds of the

extracts (Cdaceres et al., 1995; Januério et al., 2002; Silva
et al., 2005). Nevertheless, there is no information about
antibacterial and antifungal properties of other Physalis
species, including P. alkekengi. Therefore, the crude
methanol extract from P. alkekengi aerial parts and the
dichloromethane fraction of the aqueous extract from
calyces of the plant were prepared. The extracts have
been bioassayed for antibacterial and antifungal activi-
ties. A compound, physalin D, was isolated from the
extracts, and then physalin D was evaluated to correlate
possible antimicrobial activity of this plant. In addition,
the antioxidant activity of physalin D was examined.

Materials and methods

General experimental procedures

All 'H-nuclear magnetic resonance (NMR) spectra of
the isolated compounds were recorded in dimethyl-
sulfoxide (DMSO)-d, using trimethylsilane (TMS) as
internal standard at 600 MHz using a Varian Unity-plus
600 spectrometer. Vacuum liquid chromatography was
performed on silica gel 60 (0.040-0.063 mm). Thin layer
chromatography (TLC) was carried out on precoated
silica gel 60 F,_, (0.2mm thick plates). The solvent sys-
tems were hexane-EtOAc (8:2; 6:4; 3:7; 4:6; 2:8). The
detection reagents added were cerium sulfate-sulfuric
acid or 10% H,SO, in methanol followed by heating at
105°C. The sample isolated from P. alkekengi var. fran-
cheti was used as the authentic compound for physalin
D. For the thiobarbituric acid (TBA) test, absorbance at
532nm was measured by a Shimadzu UV-1601 UV/VIS
(ultraviolet-visible) spectrophotometer.

Plant material

Aerial parts of P. alkekengi were collected from southern
Turkey (C5:I¢el, Camliyayla, near Tarsus) in August, 2003.
The plant was identified by Dr. A. Everest (Department
of Biology, Faculty of Arts and Sciences, University of
Mersin, Mersin, Turkey) and a voucher specimen (AEF
23175) was deposited at the Herbarium of the Faculty of
Pharmacy, Ankara University, Ankara, Turkey.

Extraction and isolation procedures

Air-dried leaves and stems of P. alkekengi (1300g) were
ground into a powder and extracted three times with
methanol for 3 days at 40°C and filtered. The combined
filtrates were concentrated to dryness by rotary evapora-
tion at 45°C, yielding 7.6% (w/w). The extract was dis-
solved in a mixture of MeOH and H,O (1:1) and then par-
titioned successively with hexane and diethyl ether. The
diethyl ether fraction was concentrated to dryness (58 g)
byrotary evaporation at40°C. Fractionation of the diethyl
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ether extract using vacuum liquid chromatography
(VLC) (silica gel; Merck), eluting with mixtures of CH,Cl-
MeOH (from 100:1 to 1:1), gave 15 fractions (FO1-F15).
After monitoring with TLC, F05-F09 were combined.
These fractions were rechromatographed on silica gel
by VLC and eluted with gradient mixtures of petroleum
ether-acetone (from 3:1 to 1:1) to give 11 subfractions
(F050901-F050911). Subfractions F050903-F050906
were combined and chromatographed over a silica gel
column, eluting with gradient mixtures of petroleum
ether-EtOAc-MeOH (from 10:10:1 to 10:10:3), to give
13 subfractions. Compound 1 (53 mg) was obtained as
a white amorphous solid from the subfractions F1-F4
(eluted with petroleum ether-EtOAc-MeOH, 10:10:1).

Powdered calyces of P alkekengi (210g) were
extracted three times with water by heating from ambi-
ent temperature to 90°C and filtered. The combined
filtrates were extracted with CH,CI, (4x400mL). The
CH,Cl, extract was concentrated using a rotary evapo-
rator at a maximum temperature of 45°C, yielding 3.7%
(w/w). This extraction procedure from the calyces of
the plant was carried out according to the method
previously described by Dinan et al. (1997). The dichlo-
romethane extract was subjected to VLC using silica
gel, eluting with hexane-EtOAc and EtOAc-MeOH in
increasing polarity to give 64 subfractions (C01-C64).
C35 and C36 subfractions were purified by preperative
TLC, and developed with hexane-EtOAc (2:8) to afford
compund 2 (21.2mg).

Antimicrobial assays

Test microorganisms

Staphylococcus aureus ATCC 25923, S. epidermidis ATCC
12228, Enterococcus faecalis ATCC 29212, Bacillus sub-
tilis ATCC 6633, B. cereus ATCC 14579, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Enterobacter cloacae ATCC 13047, Klebsiella pneumo-
niae ATCC 10031, Proteus vulgaris ATCC 13315, Candida
albicans ATCC 90028, C. krusei ATCC 6258, C. glabrata
ATCC 32554, C. parapsilosis ATCC 22019, and C. tropi-
calis ATCC 20336 were used as test microorganisms.
These microorganisms were obtained from the Refik
Saydam Hifzisihha Institute, Ankara, Turkey, and the
Microbiology Culture Collection of Inonu University,
Malatya, Turkey.

Antibacterial activity was determined by using
Mueller-Hinton agar and Mueller-Hinton broth,
obtained from Difco, Detroit, USA. Antifungal activity
was determined by using Sabouraud dextrose agar and
Sabouraud dextrose broth, also obtained from Difco.

Antibacterial and antifungal assays
Antimicrobial activity was determined using the disk dif-
fusion assay (Andrews, 2001). Petri plates were prepared

with Mueller-Hinton agar for bacteria and Sabouraud
dextrose agar for fungi. Colonies of the test organisms
were suspended directly in a small volume of 0.9%
saline and further diluted until turbidity matched the
McFarland standard No. 0.5. These microbial suspen-
sions were inoculated onto Mueller-Hinton agar and
Sabouraud dextrose agar plates. Sterile filter paper disks
soaked in known concentrations of extracts in DMSO
were applied over each of the culture plates previously
seeded with the 0.5 McFarland cultures of microorgan-
isms. The tests were conducted at three different con-
centrations of the methanol extract of the aerial parts of
P, alkekengi (100, 250, and 500 pg/mL per disk), two dif-
ferent concentrations of the dichloromethane fraction
of the aqueous extract of the calyces (100 and 250 pg/mL
per disk), and one concentration of physalin D (100 pg/
mL per disk). Blank disks (6 mm, sterile blank; Difco)
impregnated with DMSO were used as negative controls,
and disks of amikacin (Oxoid, England) (30 pg/mL) and
fluconazole (Oxoid, England) (100 pg of fluconazole in a
paper disk) were used. A total of 100 pg of fluconazole,
by applying 20 pL of a 5mg/mL fluconazole solution in
sterile water in a paper disk, was used as positive control
in the antimicrobial assay. The plates were incubated
overnight at 37°C for bacteria and 25°C for yeasts. The
inhibition zones (mm) were measured. Each experi-
ment was repeated at least three times and the mean of
the diameter of the inhibition zones was calculated.

Determination of minimal inhibitory concentration
The minimal inhibitory concentrations (MICs) of
the extracts and physalin D were determined by the
broth microdilution method following procedures
recommended by the Clinical Laboratory Standards
Institute (2008). MICs of the extracts were determined
in Mueller-Hinton broth for bacteria and in Sabouraud
dextrose broth for fungi, at pH 7.4. The microorgan-
isms were grown overnight in Mueller-Hinton broth at
37+1°C, and the final inoculum size was 10° cfu/mL for
the antibacterial assay. The yeasts were maintained in
Sabouraud dextrose broth after incubation for 24h at
25+1°C. The final inoculum size was 10* cfu/mL for the
antifungal assay. A set of tubes containing only inocu-
lated broth were kept as controls. The two-fold serial
dilution technique was applied.

The extracts were dissolved in DMSO to obtain stock
solutions and then diluted in Mueller-Hinton broth for
bacteria and Sabouraud dextrose broth for fungi, to give
an initial concentration of 8 mg/mL. Further dilutions of
the extracts and standard drugs in the test medium were
prepared at the required quantities of 800, 400, 200, 100,
75, 50, 25, 12.5, and 6.25 pg/mL concentrations. In order
to ensure that the solvents had no effect on microbial
growth, a control test was also performed containing
inoculated broth supplemented with DMSO at the same
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dilutions used in the experiments and found to be inac-
tive in culture medium.

The culture tubes were incubated at 37+1°C for 24h
(bacteria), and 25+ 1°C for 48h (yeasts). The MIC (ug/
mL) was determined as the lowest concentration of the
extract and the compound that did not show any visible
growth when compared with control tubes. Each MIC
experiment was repeated twice in order to define the
MIC value.

Cytotoxicity assay
In this study, the HEp-2 continuous cell line (HEp-2 cell
line no: ATCC CCL23) was used to evaluate the effects
of P. alkekengi. The HEp-2 cells were obtained from the
Department of Virology, Veterinary Faculty, Ankara
University. In preparation of the cell cultures, EMEM
(Eagle’s minimum essential medium) was used as the
medium, with fetal bovine serum (Seromed) at a ratio of
10% as the growth factor. Incubation of the cells was per-
formed in an atmosphere of 5% carbon dioxide at 37°C.
To evaluate the effects of the extracts of P. alkekengi
on HEp-2 cells, they were infected with the extracts,
and control cells (HEp-2 cells not infected with plant
extracts) were also observed. In order to test the effects
of the extracts on HEp-2 cells, 5x10* cells were seeded
into each well of 12-well plates, cultured for 6h at 28°C,
and allowed to grow for an additional 48h in the pres-
ence of increasing amounts of the extracts at 0.5, 1, 2,
4, 8, 16, 32, 64, 128, 256, 512, 1024, and 2048 pg/mL.
The cytotoxicity of the extracts was determined by a
conventional hemocytometer using the trypan blue
exclusion method (Borenfreund & Puerner, 1984). The
highest non-cytocidal (on HEp-2 cells) concentration
of the extracts was determined to be 1024 pg/mL. The
non-toxic concentration was determined to be up to
1024 p.g/mL. We used these concentrations in all of the
experiments to test the effects of the extracts on bacte-
rial growth; therefore, a concentration of up to 1024 pg/
mL of the extracts was used for the determination of
antimicrobial activities (Borenfreund & Puerner, 1984).

Antioxidant activity assays
The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical assay
was used as a rapid TLC screening method to evaluate
the antioxidant activity of physalin D isolated from the
extracts due to free-radical scavenging. The method has
been fully described previously (Giiveng et al., 2005). In
brief, using Wiretrol II micropipettes, 2 uL of a 1 mg/mL
MeOH solution of physalin D was applied to a silica gel
TLC plate (Merck, Darmstadt, Germany), and sprayed
with 0.2% DPPH" solution in EtOH, left at 20°C, and
examined 30 min after spraying.

The in vitro antioxidant activity test was carried out
by lipid peroxidation of liposomes, where TBA (thio-
barbituric acid) was used to assess the efficacy of the

compounds to protect liposomes from lipid peroxida-
tion. The method has also been described previously
(Halliwell & Chirico, 1993; Giiveng et al., 2005). Physalin
D was prepared in MeOH at seven different concentra-
tions (1; 0.02; 0.04; 0.008; 0.0016; 0.00032; 0.000064 mg/
mL). For the test reaction of the physalin D, a mixture
of liposomes (brain extract, Sigma B 3635), FeCl, (Sigma
F 1513), ascorbic acid (Aldrich 255564), and PBS (phos-
phate buffered saline; Sigma P 4417) were used. All of the
tubes were incubated at 37°C for 20 min. After that, the
TBA test was performed by adding butylated hydroxytol-
uene (Sigma B 1378) in ethanol followed by TBA (Sigma
T 5500) in NaOH (Merck 6462) and HCI (Merck 314). The
tubes were heated to 90°C for 30 min and then allowed
to cool completely. The chromogen was extracted by
n-butanol (Merck 00988). The mixture was vortexed to
ensure complete extraction of the chromogen and then
centrifuged at 3500 rpm for 15min at room temperature
in order to separate the two layers. The absorbance of
the upper layer, which contained the chromogen, was
determined by a Shimadzu UV-1601 UV/VIS spectro-
photometer at 532nm. The calculation of percentage
inhibition of lipid peroxidation was done by comparing
the absorbance of the full reaction mixture with that of
the extract test reaction mixtures where the substance to
be assessed was included. Propyl gallate was used as the
reference compound in the same concentration range
(1-6.4x10°mg/mL). Four replicate experiments were
performed for the compound. The half-maximal inhibi-
tory concentrations (IC, ) of physalin D and propyl gal-
late were calculated by linear regression analysis.

Results and discussion

The methanol extract from the aerial parts of P. alkekengi
was fractionated with hexane, and diethyl ether, respec-
tively. The diethyl ether fraction was fractionated by
silica gel VLC and the fractions were monitored by TLC.
The fractions FO5-F09 were rechromatographed to pro-
duce subfractions. Subfractions F050903-F050906 were
refractionated using silica gel VLC and compound 1 was
isolated as a pure substance from the fractions F1-F4.
Compound 1 wasidentified as physalin D by comparison
of its 'H-NMR spectral data (Table 1) with those reported
in the literature (Kawai et al., 2001). Fractionation using
silica gel VLC of the dichloromethane phase obtained
from the aqueous extract of P. alkekengi calyces yielded
compound 2. The 'H-NMR spectrum of compound 2
confirmed the structure as physalin D. Compound 1 and
compound 2 were also identified by their identical chro-
matographic behavior (the solvent system was hexane-
EtOAc, 3:7) with that of authentic physalin D.

In this study, the antimicrobial activity of the extracts
of P. alkekengi aerial parts and calyces and physalin D
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Table 1. Comparison between experimental data and authentic
physalin D: 600 MHz 'H-NMR spectral data for physalin D in DMSO-
d, (chemical shift 3 ppm, spin multiplicity, and coupling constant/
Hz in parentheses).

Proton(s) Compound 1 Physalin D*
H-2 5.68 dd (J=10; 2) 5.68 dd (J=10; 2)
H-3 6.61 ddd (10; 5; 2) 6.61 ddd (10; 5; 2)
H-4a 1.95 br d (20) 1.96 dd (19; 5)
H-4B 3.10m 3.10brd (19)
H-5 (OH) 4.23s 4.21s

H-6 3.47m 3.47m

H-6 (OH) 4.89d (4) 4.87d (4)

H-7a 1.8m 1.78 m

H-76 1.8 m 1.8m

H-8 2.19m 2.19td (11; 11; 5)
H-9 3.09m 3.10m

H-1la — 1.75m

H-11p8 0.92m 0.93m

H-12a 2.08 m 2.08 m

H-128 1.44 dd (16; 10) 1.44 dd (16; 10)
H-13 (OH) 5.77s 5.70s

H-16 2.78s 2.77s

Me-19 1.09s 1.10s

Me-21 1.79s 1.80s

H-22 4.56 m 4.55m

H-23 1.91brd (14) 1.92brd (14)
H-25 2.87d (4) 2.86 d (4)

H-27 3.56 d (13) 3.57d (13)

H-27 423m 4.23dd (13; 4)
Me-28 1.15s 1.15s

2Authentic physalin D (Kawai et al., 2001).

has been evaluated in vitro against Gram-positive
and Gram-negative bacteria and yeast-like fungi. The
study showed that the methanol extract of the aerial
parts of P. alkekengi had an antibacterial effect against
tested bacteria at different rates (Table 2). This extract
showed a significant zone of inhibition against Gram-
positive bacteria, especially B. cereus, B. subtilis, and E.
Jaecalis with inhibition zones ranging from 28.2+1.8
to 31.8+1.9 at 500 pg/mL/disk. The inhibition zones
against B. cereus and E. faecalis were larger than those
of amikasin. The methanol extract inhibited the growth
of Gram-negative bacteria, especially P. aeruginosa, K.
pneumoniae, and E. coli with inhibition zones rang-
ing from 14.6£1.1 to 16.6+3.2 at 500 pg/mL/disk. The
extract exhibited a moderate effect on the tested fungi,
producing a zone diameter of inhibition from 9.6 +2.2
to 14.2+0.8 mm, depending on the susceptibility of the
fungi. The inhibition zones were smaller than those of
fluconazole.

Physalin D isolated from the methanol extract was
found to be active against Gram-positive bacteria as well
as the methanol extract with the same concentration
(100 pg/mL/disk) (Table 2). In addition, physalin D was
not effective on Gram-negative bacteria and fungi.

All the microorganisms were found to be less suscep-
tible to the dichloromethane extract from the calyces of
P. alkekengi than the methanol extract of the plant. As
can be seen from Table 3, the dichloromethane extract
showed a moderate effect on Gram-positive bacteria
such as B. cereus, B. subtilis, S. epidermidis, S. aureus,
and E. faecalis and Gram-negative bacteria such as

Table 2. Antimicrobial activity of methanol extract and physalin D obtained from aerial parts of P. alkekengi.

Inhibition zone (mm)?*

Methanol extract Physalin D Amikacin Fluconazole

Microorganism 100 pg/mL 250 ug/mL 500 ug/mL 100 pg/mL 30ug/mL 100 pg/mL
Gram(+) bacteria

S. aureus 11.2+3.0 18.4+2.2 19.8+3.6 14.6+0.5 24.2+0.4 —

S. epidermidis 17.0+0.7 23.6+3.9 25.2+6.1 17.0+1.2 32.4+1.2 —

E. faecalis 11.6+1.5 22.8+2.9 28.2+1.8 14.8+0.8 21.6%1.1 —

B. subtilis 17.4+1.7 28.6+1.5 28.8+1.5 14.0+1.6 30.4+1.1 —

B. cereus 15.6+2.0 21.8+1.8 31.8%+1.9 12.6+0.9 27.2+2.4 —
Gram(-) bacteria

E. coli 11.8+1.3 12.8+1.9 14.6+1.1 8.6x15 28.4+1.1 -

P. aeruginosa 13.8+1.1 17.4+1.5 16.6+3.2 5.8+2.0 25.0+1.9 —

E. cloacae 10.2+2.4 15.6+1.7 11.6+2.2 5.6+0.5 22.8+3.7 —

K. pneumoniae 10.4+0.9 13.2+2.7 15.0+1.2 7.6+1.1 25.0+2.5 —

P vulgaris 12.8+1.5 13.6%x1.1 11.2+1.5 6.6+1.1 22.0x1.6 —
Fungi

C. albicans — 10.2+0.8 11.8+2.7 4.8+1.5 — 23.8+0.8

C. krusei — 11.6+1.1 13.4+1.5 7.0+1.1 — 26.6+1.5

C. glabrata — 11.8+1.8 14.2+0.8 3.8+0.8 — 29.2+1.9

C. tropicalis — 7.4+0.8 9.6+2.2 5.8+0.4 — 21.2+1.9

C. paraphilosis — 13.2+1.4 11.4+2.3 4.8+0.8 — 22.6+2.5

“Mean * SD of three replicates; —, no inhibition.
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P. aeruginosa and E. cloacae. This extract did not show
any significant activity against all tested fungi.
Comparing the two extracts used for the present
study, the methanol extract showed a higher antibacte-
rial activity than that of the dichloromethane extract. The
tested extracts showed MIC values of 32-128 ug/mL in
tests with bacteria while the values recorded were 128-
512 pg/mL in the antifungal assay (Table 4 and Figures 1
and 2). On the other hand, the MIC values obtained in

Table 3. Antimicrobial activity of dichloromethane fraction of
aqueous extract of calyces of P. alkekengi.

Inhibition zone (mm)?

147

antibacterial assays using physalin D were 32-128 ug/
mL against Gram-positive bacteria, while the values
recorded in the antifungal assays were 256-512 ug/mL
(Figure 3 and Table 4).

Results of the DPPH* test demonstrated that physalin
D had free radical-quenching activity. In the TBA test,
the antioxidant activity of physalin D was determined.
The result showed that physalin D had a low antioxidant
activity, with an IC_  value of (ug/mL) 210+2.1, as com-
pared with the positive control propyl gallate (Table 5).

Table 4. Minimum inhibitory concentration (pg/mL) of
dichloromethane and methanol extracts of P. alkekengi, and physalin

Dichloromethane D obtained from aerial parts of P. alkekengi.
extract Amikacin Fluconazole Dichloromethane Methanol Reference

Microorganism 100 pg/mL 250 ug/mL 30pg/mL 100 ug/mL Microorganism extract extract Physalin D antibiotic*
Gram(+) bacteria Gram(+) bacteria

S. aureus 82+1.3 12.2+27 242+04 - S. aureus 64 64 32 4

S. epidermidis 12.2+1.5 14.0+0.7 32.4+1.2 - S. epidermidis 32 32 32 1

E. faecalis 9.0+1.9 9.8+1.9 21.6%1.1 - E. faecalis 64 64 64 4

B. subtilis 11.2+1.9 13.8+1.3 30.4%*1.1 - B. subtilis 32 32 32 2

B. cereus 14.4+0.5 14.8+15 272+2.4 - B. cereus 32 32 128 32
Gram(-) bacteria Gram(-) bacteria

E. coli 6.0+2.4 8.2+1.8 28.4+1.1 - E. coli 128 128 256 4

P. aeruginosa 7.6+x1.1 10.2+2.6 25.0+1.9 - P. aeruginosa 128 64 512 1

E. cloacae 9.8+2.7 10.6+0.5 22.8+3.7 - E. cloacae 128 128 512 4

K. pneumoniae 7.8+2.0 7.8+x0.4 25.0+25 - K. pneumoniae 128 64 256 2

P vulgaris 6.0+1.0 7.8x1.3 22.0x1.6 - P. vulgaris 128 128 256 32
Fungi Fungi

C. albicans - 6.2+0.8 - 23.8+0.8 C. albicans 256 128 512 4

C. krusei - 3.8+0.4 - 26.6+1.5 C. krusei 512 128 256 1

C. glabrata - 6.2+0.4 - 29.2+1.9 C. glabrata 256 128 512 4

C. tropicalis - - - 21.2+1.9 C. tropicalis — 512 512 32

C. paraphilosis - - - 22.6%2.5 C. paraphilosis — 128 512 2

Mean * SD of three replicates; —, no inhibition.
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Figure 1. Minimal inhibitory concentration (MIC) values of methanol extract of P. alkekengi.
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Figure 2. MIC values of dichloromethane extract of P. alkekengi.
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Figure 3. MIC values of physalin D obtained from aerial parts of P. alkekengi.

Table 5. Antioxidant activity of physalin D obtained from aerial parts
of P. alkekengi.

Compound IC,, value (ug/mL) + SD
Physalin D >10£2.1
Propyl gallate 0.21+0.01

In the literature, there is no report about the antioxidant
activity of physalins or the extracts of Physalis species.
Our report is the first for physalin D.

Previous phytochemical studies on the aerial parts of
Physalis plants have led to the identification of physalins,
which are believed to be the bioactive compounds of

the genus Physalis (Janudrio et al., 2002; Dos Santos
et al., 2003; Wu et al., 2004; Choudhary et al., 2005; Lee
& Houghton, 2005; Magalhaes et al., 2006; Damu et al.,
2007; Castro et al., 2008). However, there is relatively
little information in the literature regarding the steroid
content of the calyces of Physalis species (Dinan et al.,
1997; Qiu et al., 2008). In the present study, physalin D
was isolated from the extracts of P. alkekengi. The pres-
ence of this compound in the aerial part of P. alkekengi
is being reported here for the first time, whereas physa-
lin D has been previously isolated from the aerial parts
of P. minima, P. angulata, and P. lancifolia (Row et al.,
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1978, 1980; Kawai et al., 1987, 2001; Makino et al.,
1995a). The isolation of physalin D from the calyces of
the plant is consistent with the results reported by Qiu
et al. (2008).

According to our results, the methanol extract of
P alkekengi has strong antibacterial activity against
Gram-positive bacteria. Also, physalin D (100 pg/mL)
inhibited S. epidermidis, E. faecalis, S. aureus, and B.
subtilis, as well as the methanol extract with the same
concentration. Therefore, physalin D may be considered
mainly responsible for the antibacterial activity. Similar
to our results, Silva et al. (2005) reported that physalin
B and the fraction of physalins containing physalins B,
D, E and G inhibited different S. aureus strains and N.
gonorrhoeae. Additionally, antimicrobial activity was
described by several authors for methanol/ethanol or
aqueous extracts of P. angulata and P. philadelphica
against some Gram-positive and Gram-negative bacte-
ria (Céceres et al., 1991; Shim et al., 2002). The present
antimicrobial activity study on P. alkekengi verified that
physalins are the main bioactive compounds of Physalis
species.

Concerning the present antioxidant activity study,
physalin D has low activity as compared with the posi-
tive control propyl gallate. As far as we know, there is a
lack of studies on the antioxidant activity of physalin D
and other physalins.

Conclusion

We can conclude that the methanol extract presents a
good action potential against Gram-positive bacteria.
Also, physalin D isolated from the extracts of P. alkekengi
has remarkable antibacterial activity against especially
Gram-positive bacteria. The presence of physalin D
in the extracts suggests that it could play an important
role in antibacterial activity. Physalin D, an ergostane
type polyoxyfunctional lipophilic structure, could be
associated with the mechanisms of antibacterial activ-
ity. Further comparative antimicrobial activity studies
of different physalins as well as physalin D will help to
elucidate the roles played by the functional groups of
physalins in the activity.
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