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Twenty-two convolvulaceous oligosaccharides selected from the tricoldfi)( scammonin & 9), and orizabin

(10—22) series were evaluated for activity against a pan&taphylococcus auressrains possessing or lacking specific

efflux pumps. The minimum inhibitory concentrations (MIC values) for most of the amphipatic compounds ranged
from 4 to 32ug/mL against XU-212 (possessing the TetK multidrug efflux pump) and SA-1199B (overexpressing the
NorA multidrug efflux pump), compared with 64 and 0.28/mL, respectively, for tetracycline. This activity was
shown to be bactericidal. Two microbiologically inactive members of the orizabin s&fg2Q) increased norfloxacin
susceptibility of strain SA-1199B. At low concentrations, compofievas a more potent inhibitor of multidrug pump-
mediated EtBr efflux than reserpine. The wide range of antimicrobial activity displayed by these compounds is an
example of synergy between related components occurring in the same medicinal crude drug extract, i.e., microbiologically
inactive components disabling a resistance mechanism, potentiating the antibiotic properties of the active substances.
These results provide an insight into the antimicrobial potential of these complex macrocyclic lactones and open the
possibility of using these compounds as starting points for the development of potent inhibiorauréusnultidrug

efflux pumps.

There are few available antibiotics that can be used to treat life-
threatening infections caused by methicillin-resis@taiphylococcus
aureus(MRSA) strainst? Unfortunately, resistance to the main
antibiotic used in its treatment, the glycopeptide vancomycin, has
become more frequehand is cause for considerable concern in
hospitals and in community life. While the newest oxazolidinone
and streptogramin-type antibiotics have been heralded as a solution
to therapeutic difficulties associated with MRSA infections, resis-
tance to linezolid (an oxazolidinone) has been reported for
vancomycin-resistanEnterococcus faeciur Staphylococcal re-
sistance to this antibioficand to other recently developed agents
has also emergeétClearly, there is an urgent need to identify new
compounds that display a broad spectrum of antibiotic activity and
develop these leads into new drugs to treat multidrug-resistant
(MDR) and methicillin-resistant variants & aureusThis would
alleviate the present situation where few back-up leads are available
to complement glycopeptides, oxazolidones, or daptomycin.

1:Rq=0H, Ry =H, Rz =mba
Facing this need, we have evaluated the inhibitory activity of a 2-Ri=OH. R, =H. Rx=iba

series of oligosaccharidesfrom the convolvulaceous resin gly- -1 T2m T

cosides on fourS. aureusstrains as well as the effect of the 3:R1=OH, Ry =H, Ry = nla-(-)

interaction of two inactive natural products when tested combined 5:Ry=H, Ry =0H, R; = mba

with norfloxacin on an MDR strain that effluxes this antibiotic.

Previously, tricolorins A-E (1—5) have displayed antimicrobial Me Me H Me

properties with MIC values in the range-40 ug/mL against a tga = >=< mba = Et—=—CO iba= >~CO

standards. aureusstrain (ATCC 6538) and towardycobacterium H co Me Me

tuberculosigMIC 16—32 ug/mL),1° suggesting the potential of this

class of natural bioactive polyacylated oligosacchatidas new Ho co Ho co

antibacterial agents. The current investigation also acknowledges lan(=) = la-(+) =

the growing interest in plants historically used in medical treatments nla-(-) H? (’“Me nla-(+) e ) (

as a possible source of antimicrobial agéats. Me H H  Me

U Dedicated to Dr. Norman R. Farnsworth of the University of Illinois The MIC of all tested compounds was determined against two
at Chicago for his pioneering work on bioactive natural products. effluxing strains (SA-1199B and XU-212), an epidemic methicillin-

* To whom correspondence should be addressed. ¥&i2-55-5622- resistant strain (EMRSA-15), and a stand&rcwreusstrain (ATCC
5288. Fax: +52-55-5622-5329. E-mail: pereda@servidor.unam.mx.

* Universidad Nacional Adttoma de Meico. 25923), and }he data are presgnteq in Taple 1. All thg gmphlpathlc
#Wayne State University. tetrasaccharides from the tricolorin series—6) exhibited an
§ University of London. inhibitory activity againss. aureuATCC 25923, with MIC values

10.1021/np050227d CCC: $33.50 © 2006 American Chemical Society and American Society of Pharmacognosy
Published on Web 10/20/2005



Notes

Journal of Natural Products, 2006, Vol. 69, No. 307

Table 1. Susceptibility ofStaphylococcus aureus Selected Convolvulaceous Oligosaccharides

MIC (u«g/mL)

code compound ATCC 25923 XU-212 SA-1199B EMRSA-15
1 tricolorin A 16 8 8 4
2 tricolorin B 32 16 16 16
3 tricolorin C 32 16 32 32
4 tricolorin D 16 32 32 32
5 tricolorin E 16 8 8 8
6 tricolorin F >512 >512 >512 >512
7 tricolorin J >256 >256 >256 >256
8 scammonin | 32 128 32 32
9 scammonin |l 256 512 512 128
10 orizabin IX >512 >512 512 256
11 orizabin X 16 32 4 4
12 orizabin XI 16 32 4 4
13 orizabin XII >512 >512 256 512
14 orizabin XIII 8 32 4 8
15 orizabin XIV 16 64 8 8
16 orizabin XV 128 512 32 16
17 orizabin XVI 8 128 16 8
18 orizabin XVII 8 32 4 8
19 orizabin XVIII 32 64 64 64
20 orizabin XIX 128 512 512 256
21 orizabin XX 64 >512 8 32
22 orizabin XXI 8 64 8 16
tetracycline 0.08 64 0.25 0.15
norfloxacin 2 16 32 0.5

of 16—32ug/mL, and toward the effluxing strains with MIC values
of 4—32 ug/mL. Not surprisingly, the polar compounds tricolorins

F (6) and J 7) exhibited no antibacterial activity at the concentra-
tions employed. This correlation between lipophilicity and anti-
bacterial activity where the more lipophilic compounds are sig-
nificantly more active than their polar analogues has been found
in other natural product$:1® Where growth inhibition by tested
compounds was noted, an aliquot of the culture was plated out on
nutrient agar and incubated for 24 h. No growth was detected for

any of the active compounds, indicating a bactericidal mode of
action.

H

The size of the lactone ring was not crucial for antibacterial
activity because the potency of the larger macrocyclic structure of
the orizabin series was similar to that of the tricolorin series. It
would be interesting to evaluate a higher number of related
compounds so as to elaborate conclusions related to the influence
of the degree, type, and position of acylation on the activity of
these oligosaccharides. However, the following observations can
be drawn from our results: (a) the more highly acylated compounds
had no direct effect againg. aureus(MIC > 512 ug/mL), as
indicated by the displayed inactivity of peracetylated derivatives
of tricolorin A (1), scammonin | 8), and orizabin XI 12); (b) the
activity againstS. aureusproduced by the diester2<5, 8) was
similar to that of tricolorin A (); (c) the monoester compoursd
(scammonin 1) was inactive and did not show a potentiation of
activity in combination with a subinhibitory dose of the antibiotic
norfloxacin; (d) the substitution of &39)-nilic acid (nla) by its
enantiomer (R,3R) in the orizabin seriesl(l—22), as the esterifying
moiety at position C-2 of the inner rhamnose unit, causes, in most
of the cases, a 4-fold reduction in the inhibition, e.g., orizabin XII
(13) versus orizabin XIII 14); this effect could be a consequence
of a slight difference in the conformations adopted by the
macrocyclic structure in each of the diasteroisomeric pairs, modify-
ing their interactions with the microorganism target membranes;
(e) the interchange of the other esterifying residues, i.e., tiglic (tga),
methylbutyric (mba), and isobutyric (iba) acids, at the remaining
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Rs0
R.O

HO

R4 Ry Rs R4
8 tga mba H H
9 H mba H H
10 tga mba H nla-(-)
11 tga nla-(-) iba H
12 tga nla-(+) iba H
13 tga iba nla-(-) H
14 tga iba nla-(+) H
15 tga nla-(-) mba H
16 tga nla-(+) mba H
17 tga mba nla-(-) H
18 tga mba nla-(+) H
19 mba nla-(-) mba H
20 mba nla-(+) mba H
21 mba mba nla-(-) H
22 mba mba nla-(+) H

esterifying positions on the oligosaccharide core does not produce
any major effect in the inhibitory activity.

The amphipatic orizabins 1X10) and XIX (20) displayed a
strong synergistic effect in combination with norfloxacin. Alone,
these compounds had no antimicrobial activity at the concentration
tested (MIC> 256ug/mL), but they strongly potentiated the action
of norfloxacin in experiments using a subinhibitory concentration
of these oligosaccharides. Orizabin XIX0j at 25ug/mL reversed
norfloxacin resistance 4-fold (8 versus @38/mL) for SA-1199B,
while orizabin IX (L0) at 1ug/mL completely inhibited SA-1199B
growth in the presence of 2g/mL of norfloxacin.

Ethidium bromide (EtBr) is a substrate for many multidrug efflux
pumps, including NorA ofS. aureusThe efficiency of any pump
for which EtBr is a substrate can be assessed fluorometrically by
the loss of fluorescence over time from cells loaded with EfBr.
Orizabins IX (L0) and XV (16) were nearly equipotent with respect
to the inhibition of EtBr efflux by SA-1199B, with a slight
advantage observed for compourd® (Figure 1). At lower
concentrations (less than 1M) both test compounds were more
efficacious than reserpine. However, at@ or higher their effects
reached a plateau and became inferior to that of reserpine. This
falloff in activity was due to solubility issues, since above/30
the broth solution became cloudy as a result of test compound

precipitation. These data suggest that both compounds hold promise(M

as leads in the search for more potent inhibitorsSofaureus
multidrug efflux pumps.

From the standpoint of their potential use as therapeutic agents,
the most important result is that these convolvulaceous oligosac-
charides exert their action through inhibition of the multidrug

resistance pumps, as previously reported for the structurally related

Notes
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Figure 1. Ethidium efflux inhibition assay from SA-1199B strain
cells: @) reserpine; ¥) compoundl0; (d) compoundl16. The
horizontal line indicates 50% efflux inhibition.

The cross activity displayed between members of the tricolorin
and orizabin series could represent an example of sytdrgiween
related components in medicinal crude drug extracts, with micro-
biologically inactive compounds disabling a resistance mechanism
(e.g., compoundslO, 16, and 20), therefore potentiating the
antimicrobial activity of the antibiotic substanc€sOur results
suggest that convolvulaceous plants may elaborate an array of
amphipatic oligosaccharides, many of which have evolved to confer
selective advantage against microbial attack to pl&ntBhis
evolutionary process may have potential in the discovery of new
antibacterial leads.

Experimental Section

Bacterial Strains and Media. Staphyloccocus aurelBMRSA-15
containing themecAgene was provided by Dr. Paul Stapleton, The
School of Pharmacy, University of London. Strain XU-212, a methi-
cillin-resistant strain possessing the TetK tetracycline efflux protein,
was provided by E. Ud& SA-1199B, which overexpresses the NorA
MDR efflux protein?® andS. aureusATCC 25923 were also used. All
strains were cultured on nutrient agar (Oxoid, Basingstoke, UK) before
determination of MIC values. Cation-adjusted Mueller-Hinton broth
(MHB; Oxoid) containing 20 and 10 mg/L of €aand Mg+ was used
for susceptibility tests.

Antibiotics and Chemicals. Tetracycline and norfloxacin were
obtained from Sigma (Poole, UK). Individual glycolipids from the
CHCI; extracts oflpomoea tricolorCav. andl. orizabensigPelletan)
Ledebour ex Steudel were purified as previously descri3e@ly-
colipids1—22 were isolated from their respective crude resin mixtures
by preparative recycling HPLC using a Waters 600 E multisolvent
delivery system equipped with a Waters 410 differential refractometer
detector (Waters, Milford, MA). For purification of the tricolorins
(1—7), elution was isocratic (C#€N—H 0O, 4:1; flow rate= 3.5 mL/
min) on a reversed-phasadZolumn (20x 250 mm; 15um; ISCO)
and a sample injection of 500L (100 mg/mL). To perform the
separations of compounds-22, an HPLC system equipped with an
NH; column (19x 150 mm; 10um, uBondapak, Waters) was used,
and elution was also conducted isocratically gCN—H,0, 95:5; flow
rate= 4 mL/min).

Susceptibility Testing. Minimum inhibitory concentration values

IC) were determined at least in duplicate by standard microdilution
procedures, as recommended by the National Committee for Clinical
Laboratory Standards guidelingsAn inoculum density of 5x 1C°

cfu of each of the test strains was prepared in 0.9% saline by comparison
with a MacFarland standard. MHB (128.) was dispensed into 10
wells of a 96-well microtiter plate (Nunc, 0.3 mL volume per well).
Glycolipids 1—22 were tested at final concentrations ranging from 1
to 512ug/mL prepared by serial 2-fold dilutions. All test compounds

acylgted dlsaC(_:harldes found in the l?a_lf exudatesefanium were dissolved in DMSO before dilution into MHB for use in MIC
species (Geraniacea€)Therefore, combining these plant products  geterminations. The highest concentration of DMSO remaining after
with antibiotics that are substrates for these MDR pumps (e.9., dilution (3.125% v/v) caused no inhibition of bacterial growth. The
orizabin IX (10)/ciprofloxacin) could improve the treatment of MIC was defined as the lowest concentration that yielded no visible
refractive infections caused by effluxing staphylococci. growth.



Notes Journal of Natural Products, 2006, Vol. 69, No. 209

Ethidium Efflux Assay. SA-1199B, which overexpresses NorA, was (6) Hershberger, E.; Donabedian, S.; Konstantinou, K.; Zervos, M. J.

loaded with EtBr as previously described, and the effect of varying Clin. Infect. Dis.2004 38, 92—98.
concentrations of compound® and16 on EtBr efflux efficiency was (7) Livermore, D. M.Int. J. Antimicrob. Agent200Q 16, S3-S10.
determined to generate a desesponse profile for each oligosaccha- (8) (a) Bah, M.; Pereda-Miranda, Retrahedroril996 52, 1306-13080.
ride222 The effect of reserpine was also determined for comparative (b) Bah, M.; Pereda-Miranda, Retrahedronl997 53, 9007-9022.
purposes. Assays were performed in duplicate, and mean results were (9) (a) Herriadez-Carlos, B.; Bye, R.; Pereda-Miranda JRNat. Prod.
expressed as the percentage reduction of total efflux observed for SA- 1999 62, 1096-1100. (b) Pereda-Miranda, R.; Hémez-Carlos,
1199B in the absence of inhibitors. B. Tetrahedron2002 58, 10251-10260.

(10) Rivero-Cruz, I.; Acevedo, L.; Guerrero, J. A.; Madr, S.; Bye, R,;
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