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Evaluation of the Antibacterial, Antioxidant and a-Glucosidase
Inhibitory Activities of Withanolides from Physalis gracilis
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TH and 3C NMR data of compound 1-5, 'H and 13C
NMR spectra of compounds 4 and 5, and a detailed
description of the bioassays are available as
Supporting Information.

ABSTRACT

A chemical investigation of the leaves, flowers, and stems of
Physalis gracilis led to the isolation of three withanolides iden-
tified as withanolide D (1), 24,25-dihydrowithanolide D (2),
and withaphysacarpin (3). The structures of these compounds
were determined by analyses of their spectroscopic data, in-
cluding 1D and 2D NMR. The antibacterial, antioxidant, and
a-glucosidase inhibitory activities of compounds 1 and 3 and
derivatives 4 and 5 were evaluated. None of the compounds
showed antioxidant or glucosidase inhibitory activity. Also,
they were inactive against gram-negative bacteria. However,
compound 3 was found active against Bacillus subtilis
(MIC=65.5uM) and compound 5 against Staphylococcus au-
reus (MIC=27.9 uM).

Physalis is a genus of the Solanaceae family, with about 90 species
native to America, and only one species, Physalis alkekengi L., na-
tive to the Old World. Mexico is home to the largest number of spe-
cies (more than 70), most of which are endemic. The most distinc-
tive character of Physalis species is the accrescent fruiting calix that
envelops the fruit, which in several species is edible. The most well
known and economically important are those of Physalis phila-
delphica Waterf. (“tomatillo” or “husk tomato”) and Physalis peru-
viana L. (“uchuva”) [1, 2]. In traditional medicine, these plants are
used to relieve respiratory, digestive, and hepatic problems, and
for the treatment of malaria, diabetes, asthma, and cancer [3,4].
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Regarding their chemistry, Physalis species elaborate mainly differ-
ent types of withanolides, but also labdane diterpenoids, flavo-
noids, sucrose esters, and ceramides [4-6]. Thus, as a part of our
studies on Physalis species, we describe here the results of the first
chemical investigation of the aerial parts (except fruits and calixes)
of Physalis gracilis Miers, an herb whose fruits, leaves, and stems
are eaten in certain regions in Mexico, while the decoction of leaves
is used to relieve tonsillitis and gastrointestinal disorders, and the
decoction of roots is used to treat stones in the gallbladder [3,7].
Additionally, and considering the traditional use of some Physalis
species in the treatment of several infectious diseases and diabe-
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tes, the antibacterial, antioxidant, and a-glucosidase inhibitory ac-
tivities of compounds 1 and 3-5 were also investigated.

Chemical analysis of the EtOAc-soluble fraction, obtained after
partition of the acetone and methanol extracts of P. gracilis, led to
the isolation of a mixture of the ubiquitous B-sitosterol and stig-
masterol together with three withanolides identified as withanolide
D (1) [8-10], 24,25-dihydrowithanolide D (2) [11, 12], and with-
aphysacarpin (3) [13-15], by interpretation of their spectroscopic
data. The 4-O-acetyl (4) and the 4,16-di-O-acetyl (5) derivatives
of withaphysacarpin (> Fig. 1) were obtained. The 'TH NMR spectra
of 4 and 5 were almost identical to those of 3, with the exception
of the expected low-field shifts of the signals for the protons gem-
inal to the acetoxy groups, H-4 (6 4.67 d, | =6.0Hz) in compound
4, and H-4 (6 4.66 d, | =6.0Hz) and H-16 (6 5.41 ddd, ] =7.5, 7.5,
4.5Hz) in compound 5. Complete 'H and '3C NMR data of com-
pounds 1-5 are presented in Table S1 and S2, Supporting Informa-
tion.

Previous investigations of withanolides 1-3 showed that they
exhibit relevant biological activities. Thus, withanolide D (1) whose
structure has been confirmed recently by X-ray analysis [10],
showed potent cytotoxicity against a panel of human cancer cell
lines [9, 16, 17], and significant growth-inhibitory activity against
Pneumocystis carinii, an atypical fungal microorganism causing le-
thal pneumonia inimmunocompromised patients [17]. 24,25-Di-
hydrowithanolide D (2) and withaphysacarpin (3) induced the ac-
tivity of quinone reductase, which is indicative of a cancer quimio-
preventive activity [14].

R

° 2R=R'=H
3R=H,R = OH
4R=Ac,R =0H

5R=Ac, R =0Ac

> Fig. 1 Chemical structures of withanolides 1-5.
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In the present work, the antibacterial activity of the plant com-
pounds 1 and 3, and the derivatives 4 and 5 (purity: 92.1, 92.9,
96.2, and 97.3 %, respectively) was qualitatively tested in vitro
against Escherichia coli, Klebsiella pneumoniae, Pseudomonas aer-
uginosa, Staphylococcus aureus, and Bacillus subtilis by the agar
diffusion method [18]. Compounds 3 and 5 showed antibacterial
activity against B. subtilis and S. aureus, respectively (> Table 1).
The MIC of both compounds was determined by the broth micro-
dilution method [19]. Neither 3 (MIC=65.5uM) nor 5
(MIC=27.9 uM) were more active than ampicillin, which was used
as the positive control. Ampicillin was three orders of magnitude
more active than 3 against B. subtilis ATCC® 6673 (MIC=8.6x10"2
pM) and two orders of magnitude more active than 5 versus S. au-
reus ATCC® 25923™ (MIC=7.2x 10~ uM; > Table 2).

Diabetes mellitus is a disease characterized by a deficiency inin-
sulin secretion or by resistance to its action, resulting in high con-
centrations of glucose in plasma, which, in turn, produces a num-
ber of health problems, mainly neuropathy, retinopathy, and car-
diovascular disorders. Compounds that can inhibit the activity of
a-glucosidase enzymes, and therefore reduce the liberation of glu-
cose from carbohydrates, could be useful therapeutic tools to con-
trol postpandrial glucose levels. By these reasons, the a-glucosidase
inhibitory activity of withanolide D (1) and withaphysacarpin (3)
was evaluated against yeast a-glucosidase and rat intestine o-
glucosidase at three concentrations (1.0, 10.0, and 100.0 uM)
[20,21]. Compounds 1 and 3 exhibited poor activities in both o-
glucosidase assays. Even at the highest concentration, the percent-
ages of inhibition were <25 % in the yeast and <5 % in the intestine
rat enzyme assays (Table S3, Supporting information). On the other
hand, since many chronic diseases, including diabetes mellitus, are
related to oxidative stress, the antioxidant activity of 1 and 3-5 was
evaluated on the scavenging of the free radical 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH) [22], the same as in the thiobarbituric acid re-
active substances (TBARS) in the rat brain homogenate assay [23].
None of the compounds were active in these assays (Table S4, Sup-
porting information).

The chemical study of P. gracilis revealed that this plant produc-
es withanolides. Labdane diterpenoids present in other Physalis
species were not detected in this plant. The isolated withanolides
1 and 3 and the obtained derivatives 4 and 5 did not exhibit anti-
oxidant or a-glucosidase inhibitory activities. In the antibacterial
assay, only compounds 3 and 5 showed a moderated activity
against B. subtilis and S. aureus, respectively.

Materials and Methods

Melting points are uncorrected. Optical rotations were measured
on a Perkin Elmer 343 polarimeter. The IR spectra were recorded
on a Bruker Tensor 27 spectrometer. NMR spectra were recorded
on a Varian Inova 500 spectrometer ('H at 500 MHz; 13C at 125 MHz)
oraBruker Avance Ill spectrometer ("H at 400 MHz; '3C at 100 MHz).
Chemical shifts are given in ppm with respect to the internal stand-
ard (TMS). DART-MS were obtained in a JEOL AccuTOF [MS-T100LC
mass spectrometer. Column chromatography operated with vac-
uum (VCC) was performed on silica gel G (Macherey-Nagel). Pre-
parative TLC was carried out on precoated Macherey-Nagel Sil
G-200 UV;s, plates of 2.0 mm thickness.
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> Table 1 Qualitative antimicrobial activities of compounds 1, 3-5, and standard drugs.

Zone of inhibition (mm)?2

Microorganism

1 3 4 5 Ampicillin Streptomycin Chloramphenicol Amphotericin B
Bacteria
E. coli 0 0 0 0 20 NT NT NT
ATCC® 25922™
K. pneumoniae 0 0 0 0 0 0 NT NT
ATCC® 700603™
P. aeruginosa 0 0 0 0 0 NT 0 NT
ATCC® 27853™
S. aureus 0 0 0 19 28 NT 20 NT
ATCC® 25923™
B. subtilis 5 13 0 8 25 18 NT NT
ATCC® 6673™
aThe zones of inhibition were measured from a disk with 20 ug of compounds or standard drugs. NT =not tested

Aerial parts of P. gracilis were collected in October 2012 from
Jalpan (Querétaro, México) and authenticated by Dr. Mahinda Mar-
tinez. A voucher specimen (M. Martinez 8768) was deposited at
the Herbarium of the Universidad Auténoma de Querétaro.

Dried and milled leaves, flowers, and stems of P. gracilis (303.0 g)
were extracted successively with Me,CO (4 L) and MeOH (5 L).
These extracts were combined (50.37 g) and partitioned between
EtOAc-H,0. The EtOAc fraction (11.63 g) was subjected to VCC
(811 cm) using mixtures of hexane-EtOAc (1:0 to 0:1 v/v) as elu-
ents to give fractions (500 mL each) 1A-4A (1:0), 5A-15A (19:1),
16A-19A (9:1), 20A-39A (4:1), 40A-45A (7:3), 46A-65A (3:2), 66A-
74A (1:1), 75A-87A (3:7), 88A-89A (1:9), and 90A (0:1). Crystalli-
zation (EtOH) of fractions 11A-15A gave a mixture of B-sitosterol-
stigmasterol (103.3 mg). Compound 1 (16.7 mg) was obtained
from fractions 52A-59A (210 mq) after crystallization from Me,CO-
iPr,0. The fractions 45A-51A, the mother liquors of 1, and the frac-
tions 60A-70A were combined (1.33 g) and subjected to VCC
(4.5%9cm, 50mL each fraction) eluted with mixtures of hexane-
Me,CO (17:3 to 1:1 v/v). Fractions eluted with hexane-Me,CO (4:1
to 7:3 v/v) were combined (244 mg) and purified by VCC (3% 7 cm,
25 mL each fraction) eluted with hexane-EtOAc (11:9), followed by
crystallization to obtain 14.4 mg of compound 2. Fractions 71A-
88A(3.517 g) were decolored with activated charcoal/Me,CO and
crystallized from CH,Cl,-hexane to yield 226 mg of compound 3.
The mother liquors of 3 were combined with fractions 89A-90A
(3.04 g) and subjected to silica gel VCC (5.5%9cm, 125mL each
fraction) eluted with mixtures of hexane-Me,CO (17:3 to 0:1 v/v).
Fractions eluted with hexane-Me,CO (7:3) were crystallized from
CH,Cl,-hexane to obtain an additional amount of compound 3. The
total yield of 3 was 365 mg.

Acetylation of withaphysacarpin (3): A solution of compound 3
(147.1mqg)in pyridine (1 mL) and acetic anhydride (1 mL) was left at
room temperature by 3 h. The reaction mixture was worked up as
usual and separated by VCC (2 x 7 cm; hexane-Me,CO 4:1 v[v, 20 mL
each fraction) to obtain 51.5 mg of 4-O-acetylwithaphysacarpin (4)
and 83.2 mg of 4,16-di-O-acetylwithaphysacarpin (5).

Compound 4: Colorless crystals; m.p. 264-266 °C (EtOAc-hex-
ane); [a]p + 101 (c=0.20, CHCl3); IR (CHCl3): v, 3569, 3436,
1739, 1682, 1456, 1374, 1189, 1096, 1020, 961, 887 cm~T; HR
DARTMS m/z531.29487 [M + H]* (calcd. for C3gH4305 531.29579).
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> Table 2 Quantitative antimicrobial activities of compounds 3 and 5 (MIC
in uM).

Microorganism 3 5 Ampicillin
B. subtilis ATCC® 6673 65.5 NT 8.6x1072
S. aureus ATCC® 25923™ NT 27.9 7.2x1071

NT =not tested

Compound 5: Colorless crystals; m.p. 250-252 °C (EtOAc-hex-
ane) (m.p. 245-248°C from EtOH [13]); [a]p + 123 (c=0.19, CHCl3);
IR (CHCl3): vinax 3573, 1740, 1682, 1456, 1375, 1194, 1097, 1021,
961, 887 cm~'; HR DARTMS m/z 573.30610 [M + H]* (calcd. for
C3,H4509 573.30636).

Qualitative and quantitative antimicrobial assays were per-
formed by the agar diffusion [18] and broth microdilution methods
[19]. The inhibition of the activity of yeast and mammalian o-
glucosidases was determined using modified methods previously
described [20,21]. The DPPH [22] and TBARS [23, 24] assays were
used to evaluate the antioxidant activity.
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