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Silybin is a main flavonolignan of the silymarin complex, 
with silydianin and silychristin extracted from the fruits of 
Silybum marianum (milk thistle). It is a well-known hepato-
protective agent in Europe and Asia (Perez-Victoria et al., 
2001; Kren and Walterova, 2005). Recently, in vitro and in 
vivo studies have reported that silybin possesses antioxidant, 
anti-inflammatory, and anti-arthritic activities (Gupta et al., 
2000), and it has chemopreventive efficacy on lung carcinoma 
(Sharma et al., 2003), prostate cancer (Singh and Agarwal, 
2004), breast carcinoma (Tyagi et al., 2004), hepatic disorder 
(Wellington and Jarvis, 2001), and colon carcimoma (Agarwal 
et al., 2003). In a previous study, silybin showed antibacterial 
activity against Gram-positive bacteria Bacillus subtilis and 
Staphylococcus epidermidis, but not against Gram-negative 
bacteria Escherichia coli and Proteus vulgaris. Silybin signifi-
cantly inhibited macromolecule synthesis such as RNA and 
proteins in Gram-positive bacteria (Lee et al., 2003a). The 
different capacity of silybin against Gram-positive bacteria 
and Gram-negative bacteria remains unknown.
  Several articles have provided helpful clues regarding the 
differences of the permeability barrier between Gram-posi-
tive and Gram-negative bacteria. The outer membrane bar-
rier and drug-efflux pumps of Gram-negative bacteria have 
enabled the penetration of amphipathic molecules to be 
tolerable. ATP-binding cassette (ABC) transporters that 
couple the energy generated from ATP hydrolysis function 
in efflux of toxic substances across the cell membrane in 
mammalian cells and bacteria (Chen et al., 1986). ABC 
transporters are located in the periplasm of Gram-negative 
bacteria and in the cell surface in Gram-positive bacteria 

(Van Der Heide and Poolman, 2002). Though it has been 
well-known Gram-positive bacteria with ABC transporters 
as drug-efflux transporters, like NorA from S. aureus (Yu et 
al., 2002) and BmrA from B. subtilis (Steinfels et al., 2004), 
it is not clear whether ABC transporters have contributed 
to antimicrobial resistance of Gram-positive bacteria from 
clinical specimens. Many articles have revealed that Gram- 
positive bacteria was more sensitive to plant antimicrobials 
than Gram-negative bacteria, suggesting that the results are 
due to the difference between the presence and absence of 
the outer membrane which can limit drug diffusion in harmony 
with multidrug transporters (Renau et al., 1999; Zgurskaya 
and Nikaido, 1999; Tegos et al., 2002; Hooper, 2005).
  Here, the in vitro activities of silybin alone and in combi-
nation with inhibitors for disturbing drug penetration against 
clinical isolates were investigated and a way to overcome 
discrepancies in the activity of silybin was examined. Thus, 
this study promotes the effects of silybin as a therapeutic 
agent regarding its activity toward Gram-negative bacteria.

Silybin and all agents used in this study, were purchased 
from the Sigma-Aldrich Chemical Company (USA). S. aureus 
(ATCC 25923), Enterococcus faecium (ATCC 29212), E. coli 
(ATCC 25922), and P. aeruginosa (ATCC 27853) were ob-
tained from the American Type Culture Collection (ATCC). 
The clinical isolates of drug-resistant bacterial strains were 
obtained from Kyungpook National University Hospital 
(Korea). S. aureus and P. aeruginosa was grown in Luria- 
Bertani (LB) medium (Difco) at 37°C, E. coli was grown in 
MacConkey medium (Difco), and E. faecium was grown in 
Brain Heart Infusion (BHI) medium (Difco). Cell growth 
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 Antibacterial activity of silybin and antibiotics against clinical isolates

Bacterial strains
MIC (�g/ml)

Silybin Chloramphenicol Kanamycin

S. aureus ATCC 25923 10 <0.625 <0.625

MRSA

1 1.25 <0.625 160

2 5 <0.625 >320

3 2.5 <0.625 160

4 5 <0.625 160

5 5 <0.625 160

6 2.5 <0.625 320

7 2.5 <0.625 >320

8 5 <0.625 320

9 5 <0.625 320

E. faecium

ATCC 29212 20 1.25 20

1 20 <0.625 >320

2 20 <0.625 >320

E. coli

ATCC 25922 20 <0.625 <0.625

1 20 10 <0.625

2 20 40 10

P. aeruginosa

ATCC 27853 10 1.25 10

1 20 40 80

2 20 40 40

was monitored by measuring the optical density at 620 nm.

Susceptibility tests with silybin, kanamycin, and chloramphe-
nicol were carried out in 96-well microtiter plates by a two- 
fold standard broth-microdilution of antibacterial agents in 
Mueller-Hinton (MH) Broth (Difco) by the Clinical and 
Laboratory Standards Institute (CLSI) guideline. Briefly, 
Bacterial cells were grown to the mid-log phase in an MH 
medium, and seeded in the wells of a 96-well microtiter 
plate in LB medium at a density of 1×106 cells (100 
�l/well). The bacterial cells were added to 10 �l each of the 
serially-diluted solutions of the compounds, and incubated 
for 18 h at 37°C. The MIC was defined as the lowest con-
centration of drug-inhibiting visible growth after overnight 
incubation at 37°C.

To elucidate whether antibacterial activity of silybin was as-
sociated with the altered membrane permeability or the ac-
tion of multidrug-resistant pumps, antibacterial susceptibility 
of silybin was examined in the presence of detergents or 
ATPase-inhibiting agents. To increase the permeability of the 
outer membrane, the concentration of silybin, as a fractional 
inhibitory concentration (FIC) determined in a combination 
assay with other therapeutic agents, was added to bacterial 
cells in the presence of 0.1 mM EDTA, 0.001% Triton X-100, 
and 30 mM Tris, respectively. NaN3 and N,N�-dicyclohexyl-
carbodiimide (DCCD) were used as a inhibitor of ATPase 
(Linnett and Beechey, 1979). The antibacterial susceptibility 

of silybin, in the presence of 0.001% NaN3 and 25 �M 
DCCD, was also carried out at the same condition. Experi-
ments were performed in triplicate of a plate by 3-inde-
pendent assay, and the results are expressed as Mean±SD.

Combinations of silybin with antibiotics were investigated 
as previously described (Cha et al., 2007). Susceptibility tests 
were carried out in 96-well microtiter plates by a two-fold 
standard broth microdilution, with the FIC levels of two 
antibacterial agents in MH Broth. The inoculum concen-
tration levels in the combination assay were 106 cells/ml. 
The FIC was calculated as follows: (MIC of drug A in 
combination/MIC of drug A alone) + (MIC of drug B in 
combination/MIC of drug B alone). These assays were per-
formed in triplicate, and the results are expressed as Mean 
±SD.

Data were presented as the Mean±SE for the indicated 
number of separate experiments. Statistical analysis of data 
was performed using sigmaplot (SPSS), and significance 
was set at P values less than 0.05.

The antibacterial activity of silybin and conventional anti-
biotics were tested against several bacterial isolates from 
patients at Kyungpook National University Hospital by the 
CLSI method, and was described as a MIC (Table 1). Gram- 
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       (A)                                                 (B)
   

 Effects of membrane-permeabilizing agents (A) and NaN3 (B) on the susceptibility of clinical isolates to silybin. The viability of bac-
teria was determined by counting CFU on MH agar plates after incubation for 18 h with 2.5 �g/ml silybin and the indicated concentration 
of each permeabilizing agent in P. aseruginosa 2 (A) and with the level of silybin (0.625 �g/ml to MRSA 8; 2.5 �g/ml to P. aeruginosa 2) 
in the presence or absence of 0.001% NaN3 (B). The data are Mean±SD for triple-independent experiments.

 Effects of DCCD on the susceptibility of bacterial isolates. 
The viability of bacteria was determined by counting CFU on MH 
agar plates after incubation with the level of silybin FIC (0.625 
�g/ml to MRSA 8; 2.5 �g/ml to other strains) in the presence or 
absence of 25 �M DCCD.

positive bacteria S. aureus and E. faecium strains were sig-
nificantly resistant to kanamycin (KAN), but extremely sen-
sitive to chloramphenicol (CHL). Gram-negative bacteria E. 
coli and P. aeruginosa strains were less sensitive to KAN 
and CHL than Gram-positive bacteria strains. As shown in 
Table 1, Gram-negative bacteria were resistant to more an-
tibiotics than Gram-positive bacteria. Silybin showed an equal 
level of MICs in each strain and it exhibited more potent 
activity toward methicilin-resistant S. aureus (MRSA) than 
to other strains including normal S. aureus.

To investigate the effects of enhanced membrane perme-
ability on the activity of silybin using detergents, the anti-
bacterial activity of silybin under increased membrane per-
meability was examined using 0.1 mM EDTA, 30 mM Tris, 
and 0.001% Triton X-100. EDTA, Tris, and Triton X-100 all 
of which are membrane-permeabilizing agents which can in-
crease the permeability of the outer membrane in Gram- 
negative bacteria by binding lipopolysaccharide (LPS) (Leive, 
1965; Irvin et al., 1981). These agents did not reduce the vi-
ability of P. aeruginosa 2 treated with silybin in less than 
about 10% (Fig. 1A).
  Another component of the permeability barrier in Gram- 
negative bacteria is the use of MDR pumps within the peri-
plasmic membrane. In several drug-resistant bacteria, MDR 
pumps, which can extrude toxic substances, including anti-
biotics, to extracellular environment, have been reported as 
being a major cause of antimicrobial resistance (Levy, 1992). 
The bacterial viability in the presence of silybin with 0.001% 
NaN3 as a metabolic inhibitor which can decrease ATP levels 
by disrupting electrochemical proton gradients in a bacterial 
environment was investigated (Swallow et al., 1990; Jernaes 
and Steen, 1994; Goncalves et al., 1999). MRSA, which ex-
hibited a high susceptibility toward silybin, maintained its 
viability in the presence of silybin with 0.001% NaN3 (Fig. 
1B). Contrary to one of the MRSA, silybin in combination 
with NaN3 significantly decreased the viability of P. aerugi-

nosa over 50%.

Although P. aeruginosa and E. coli were less sensitive to si-
lybin than MRSA, the viability of these strains dramatically 
was decreased in the presence of DCCD, an inhibitor of 
F-F0 ATPase (Fig. 2). Moreover, E. faecium 2 also shows 
an increasing susceptibility toward silybin by DCCD. All 
strains that showed low susceptibility toward silybin were 
sensitive in the presence of 25 �M DCCD as well as the 
susceptibility of MRSA.
  The synergistic effects of silybin was also assayed with 
some conventional antibiotics against P. aeruginosa 2 in the 
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 Synergistic activity of silybin and conventional antibiotics 
against P. aeruginosa 2 in the presence of DCCD. The viability of 
bacteria was determined by counting CFU on MH agar plates after 
incubation for 18 h with the level of 2.5 �g/ml silybin and 5 �g/ml 
CHL or 5 �g/ml KAN in the presence or absence of 25 �M DCCD, 
and was represented as percent survival of control bacteria.

presence of DCCD, and synergy was defined by a FIC index 
of less than 0.5 (Cha et al., 2007). A FIC index of around 
0.5 or less was found through a synergy assay between silybin 
and other antibiotics. Silybin showed synergy in P. aeroginosa 
2, in combination with CHL (FIC index: 0.38) and KAN 
(FIC index: 0.38), and these combination activity in the 
presence of DCCD is also effective in reducing the viability 
of P. aeruginosa.

In order for plant antimicrobials to protect against micro-
bial infection, they need to be present in extremely high 
concentration levels (Tegos et al., 2002), and these com-
pounds display different activity against Gram-positive and 
Gram-negative bacteria (Lewis, 2001). In our previous study, 
the antibacterial activity of silybin exhibited significant spe-
cificity toward Gram-positive bacteria, by the inhibition of 
macromolecule synthesis within an intracellular environ-
ment (Lee et al., 2003a). Several articles have reported that 
the low susceptibility of Gram-negative bacteria was due to 
the outer membrane as a permeability barrier of which the 
Gram-negative bacterial barriers was composed. Amphipathic 
molecules are contracted to permeate a cytoplasmic envi-
ronment by an asymmetric bilayer and LPS (Lomovskaya 
and Lewis, 1992; Nikaido, 2003), and they are extruded to 
extracellular conditions by multidrug-resistant (MDR) pumps 
in the outer membrane (Lewis, 1994). Silybin has a broad 
spectrum of antibacterial activity against antibiotic-resistant 
strains but MRSA is more susceptible to silybin than other 
bacterial isolates in the MIC assay (Table 1). Interestingly, 
Gram-positive bacteria E. faecium as well as Gram-negative 
bacteria also showed low susceptibility toward silybin. Thus, 
this result indicates that the difference of MIC of silybin on 
the tested bacterial strains did not result in the differences 
of cellular structure properties between Gram-positive and 
Gram-negative bacteria.
  The difference in susceptibility of antimicrobial agents 
against Gram-positive and Gram-negative bacteria has been 
suggested that was caused by a permeability barrier, such as 
an outer membrane or MDR pumps (Renau et al., 1999). 
The effects of the LPS-binding agents and ABC transporter- 
inhibiting agents on antibacterial activity of silybin were 
examined. Both Tris and EDTA are useful agents which in-
crease the membrane permeability of amphipathic molecules 
by reducing interaction between LPS molecules (Hancock 
and Wong, 1984; Jernaes and Steen, 1994). However, these 
agents did not show any effect on antibacterial activity of 
silybin (Fig. 1A). The permeability of the outer membrane 
was not remarkably affected by the activity of silybin, and 
additionally the result exhibited the low susceptibility of E. 
faecium strains, which has a different cellular structure from 
Gram-negative bacteria.
  There are several mechanisms that can resist antibiotic 
and toxic molecules in bacteria (Levy, 1992), and drug efflux 
transporters as MDR pumps are capable of such antibiotic- 
resistance, because they selectively pump toxic molecules 
out to the extracellular condition by keeping toxic molecules 
to a minimum in an intracellular condition. Although there 
is no obvious evidence to demonstrate that these transpor-

ters play a critical role in drug-resistance (Davidson and 
Chen, 2004), recent studies have suggested that most bac-
teria produce ABC transporters and some of these trans-
porters cause the antibiotic resistance of bacteria (Yu et al., 
2002; Steinfels et al., 2004). This ensures survival by main-
taining low amounts of toxic molecules in an intracellular 
environment (Hooper, 2005). The four strains that were 
tested in this study have known antibiotic resistance due to 
ABC transporters (Mcmurry et al., 1980; Gibbons and Udo, 
2000; De Kievit et al., 2001; Leavis et al., 2003; Lee et al., 
2003b; Hooper, 2005). Regarding the significantly decreas-
ing viability of P. aeruginosa cells in the presence of NaN3, 
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which disorders proton motive force around cellular mem-
brane (Fig. 1B), it was theorized that the low susceptibility 
of the tested strains to silybin was caused by the extrusion 
of silybin by ABC transporters, which exist in bacterial 
membranes. Though S. aureus has efflux transporter NorA 
(Yu et al., 2002), why is MRSA more sensitive to silybin 
than other tested beateria? Many researchers have reported 
that some plant materials act as specific efflux transporter 
inhibitors against some pathogenic bacteria. Interestingly, 
one article suggested that silybin from the Milk thistle di-
rectly inhibited NorA of S. aureus (Stermitz et al., 2000). 
Considering these results, the antibacterial activity of silybin 
was reduced by ABC transporters of bacterial isolates, and 
silybin displayed more potent activity in combination with 
DCCD for inhibition of ABC transporters. ABC transpor-
ters have ATP- dependent transporting activity, and DCCD 
inhibits the H+ translocation activity of the F0 domain of 
F0F1-ATPase that generates proton motive force as in the 
presence of NaN3 (Linnett and Beechey, 1979; Jung et al., 
2007) (Fig. 2). Actually, it has been reported that DCCD 
completely abolished the ATP-dependent transport activity of 
LmrA among ABC transporters derived from Lactococcus 
lactis in membrane vesicle system (Van Den Berg Van 
Saparoea et al., 2005).
  Combination antibiotic therapy has been studied to pro-
mote the effective use of antibiotics in increasing in vivo 
activity of antibiotics, in preventing the spread of drug-re-
sistant strains, and in minimizing toxicity (Gradelski et al., 
2001). In P. aeruginosa 2, CHL and KAN showed synergistic 
activity in combination with silybin as indicated FIC values 
of 0.38 both respectively (data not shown), and the combi-
nation in the presence of DCCD was increased (Fig. 3).
  Silybin as a plant antimicrobial possesses antibacterial ac-
tivity against clinical isolates, and it could be strengthened 
by a combination treatment with DCCD for inhibition of 
ABC transporter activity. Regarding to another effect of si-
lybin that inhibits efflux transporters in S. aureus strains, 
MRSA is significantly susceptible to silybin alone, and it may 
be considered as a therapeutic agent in combination with 
other conventional agents. These combinations suggest that 
silybin has potential as an adjuvant for antimicrobial therapy 
for the treatment of infectious diseases by drug-resistant 
bacteria.

Agarwal, C., R.P. Singh, S. Dhanalakshmi, A.K. Tyagi, M. Tecklen-
burg, R.A. Sclafani, and R. Agarwal. 2003. Silibinin upregu-
lates the expression of cyclin-dependent kinase inhibitors and 
causes cell cycle arrest and apoptosis in human colon carcino-
ma HT-29 cells. Oncogene 22, 8271-8282.

Cha, J.D., M.R. Jeong, S.I. Jeong, and K.Y. Lee. 2007. Antibacterial 
activity of sophoraflavanone G isolated from the roots of 
Sophora flavescens. J. Microbiol. Biotechnol. 17, 858-864.

Chen, C.J., J.E. Chin, K. Ueda, D.P. Clark, I. Pastan, M.M. 
Gottesman, and I.B. Roninson. 1986. Internal duplication and 
homology with bacterial transport proteins in the mdr1 (P-gly-
coprotein) gene from multidrug-resistant human cells. Cell 47, 
381-389.

Davidson, A.L. and J. Chen. 2004. ATP-binding cassette transporters 
in bacteria. Annu. Rev. Biochem. 73, 241-268.

De Kievit, T.R., M.D. Parkins, R.J. Gillis, R. Srikumar, H. Ceri, K. 

Poole, B.H. Iglewski, and D.G. Storey. 2001. Multidrug efflux 
pumps: expression patterns and contribution to antibiotic re-
sistance in Pseudomonas aeruginosa biofilms. Antimicrob. Agents 
Chemother. 45, 1761-1770.

Gibbons, S. and E.E. Udo. 2000. The effect of reserpine, a modu-
lator of multidrug efflux pumps, on the in vitro activity of tet-
racycline against clinical isolates of methicillin resistant Staphy-
lococcus aureus (MRSA) possessing the tet(K) determinant. 
Phytother. Res. 14, 139-140.

Goncalves, P.P., S.M. Meireles, P. Neves, and M.G. Vale. 1999. 
Synaptic vesicle Ca2+/H+ antiport: dependence on the pro-
ton electrochemical gradient. Mol. Brain Res. 71, 178-184.

Gradelski, E., L. Valera, D. Bonner, and J. Fung-Tomc. 2001. Syner-
gistic activities of gatifloxacin in combination with other anti-
microbial agents against Pseudomonas aeruginosa and related 
species. Antimicrob. Agents Chemother. 45, 3220-3222.

Gupta, O.P., S. Sing, S. Bani, N. Sharma, S. Malhotra, B.D. Gupta, 
S.K. Banerjee, and S.S. Handa. 2000. Anti-inflammatory and 
anti-arthritic activities of silymarin acting through inhibition of 
5-lipoxygenase. Phytomedicine 7, 21-24.

Hancock, R.E. and P.G. Wong. 1984. Compounds which increase the 
permeability of the Pseudomonas aeruginosa outer membrane. 
Antimicrob. Agents Chemother. 26, 48-52.

Hooper, D.C. 2005. Efflux pumps and nosocomial antibiotic resist-
ance: a primer for hospital epidemiologists. Clin. Infect. Dis. 
40, 1811-1817.

Irvin, R.T., T.J. Macalister, and J.W. Costerton. 1981. Tris(hydrox-
ymethyl)aminomethane buffer modification of Escherichia coli 
outer membrane permeability. J. Bacteriol. 145, 1397-1403.

Jernaes, M.W. and H.B. Steen. 1994. Staining of Escherichia coli 
for flow cytometry: influx and efflux of ethidium bromide. 
Cytometry 17, 302-309.

Jung, H.J., Y.B. Seu, and D.G. Lee. 2007. Candicidal action of re-
sveratrol isolated from grapes on human pathogenic yeast C. 
albicans. J. Microbiol. Biotechnol. 17, 1324-1329.

Kren, V. and D. Walterova. 2005. Silybin and silymarin-new effects 
and applications. Biomed. Pap. Med. Fac. Univ. Palacky Olomouc. 
Czech Repub. 149, 29-41.

Leavis, H.L., R.J. Willems, J. Top, E. Spalburg, E.M. Mascini, A.C. 
Fluit, A. Hoepelman, A.J. De Neeling, and M.J. Bonten. 2003. 
Epidemic and nonepidemic multidrug-resistant Enterococcus 
faecium. Emerg. Infect. Dis. 9, 1108-1115.

Lee, E.W., M.N. Huda, T. Kuroda, T. Mizushima, and T. Tsuchiya. 
2003a. EfrAB, an ABC multidrug efflux pump in Enterococcus 
faecalis. Antimicrob. Agents Chemother. 47, 3733-3738.

Lee, D.G., H.K. Kim, Y. Park, S.C. Park, E.R. Woo, H.G. Jeong, 
and K.S. Hahm. 2003b. Gram-positive bacteria specific pro-
perties of silybin derived from Silybum marianum. Arch. 
Pharm. Res. 26, 597-600.

Leive, L. 1965. Actinomycin sensitivity in Escherichia coli produced 
by Edta. Biochem. Biophys. Res. Commun. 18, 13-17.

Levy, S.B. 1992. Active efflux mechanisms for antimicrobial 
resistance. Antimicrob. Agents Chemother. 36, 695-703.

Lewis, K. 1994. Multidrug resistance pumps in bacteria: variations 
on a theme. Trends Biochem. Sci. 19, 119-123.

Lewis, K. 2001. In search of natural substrates and inhibitors of 
MDR pumps. J. Mol. Microbiol. Biotechnol. 3, 247-254.

Lomovskaya, O. and K. Lewis. 1992. Emr, an Escherichia coli locus 
for multidrug resistance. Proc. Natl. Acad. Sci. USA 89, 8938- 
8942.

Linnett, P.E. and R.B. Beechey. 1979. Inhibitors of the ATP syn-
thethase system. Methods Enzymol. 55, 472-518.

Mcmurry, L., R.E. Petrucci, Jr., and S.B. Levy. 1980. Active efflux 
of tetracycline encoded by four genetically different tetracy-
cline resistance determinants in Escherichia coli. Proc. Natl. 
Acad. Sci. USA 77, 3974-3977.



Vol. 46, No. 4 Synergistic antibacterial effect of silybin 467

Nikaido, H. 2003. Molecular basis of bacterial outer membrane 
permeability revisited. Microbiol. Mol. Biol. Rev. 67, 593-656.

Perez-Victoria, J.M., F.J. Perez-Victoria, G. Conseil, M. Maitrejean, 
G. Comte, D. Barron, A. Di Pietro, S. Castanys, and F. 
Gamarro. 2001. High-affinity binding of silybin derivatives to 
the nucleotide-binding domain of a Leishmania tropica P-gly-
coprotein-like transporter and chemosensitization of a multi-
drug-resistant parasite to daunomycin. Antimicrob. Agents 
Chemother. 45, 439-446.

Renau, T.E., R. Leger, E.M. Flamme, J. Sangalang, M.W. She, R. 
Yen, C.L. Gannon, D. Griffith, S. Chamberland, O. Lomov-
skaya, S.J. Hecker, V.J. Lee, T. Ohta, and K. Nakayama. 1999. 
Inhibitors of efflux pumps in Pseudomonas aeruginosa poten-
tiate the activity of the fluoroquinolone antibacterial levoflo-
xacin. J. Med. Chem. 42, 4928-4931.

Sharma, G., R.P. Singh, D.C. Chan, and R. Agarwal. 2003. Silibinin 
induces growth inhibition and apoptotic cell death in human 
lung carcinoma cells. Anticancer Res. 23, 2649-2655.

Singh, R.P. and R. Agarwal. 2004. Prostate cancer prevention by 
silibinin. Curr. Cancer Drug Targets 4, 1-11.

Steinfels, E., C. Orelle, J.R. Fantino, O. Dalmas, J.L. Rigaud, F. 
Denizot, A. Di Pietro, and J.M. Jault. 2004. Characterization 
of YvcC (BmrA), a multidrug ABC transporter constitutively 
expressed in Bacillus subtilis. Biochemistry 43, 7491-7502.

Stermitz, F.R., J. Tawara-Matsuda, P. Lorenz, P. Mueller, L. 
Zenewicz, and K. Lewis. 2000. 5'-Methoxyhydnocarpin-D and 
pheophorbide A: Berberis species components that potentiate 
berberine growth inhibition of resistant Staphylococcus aureus. 
J. Nat. Prod. 63, 1146-1149.

Swallow, C.J., S. Grinstein, and O.D. Rotstein. 1990. A vacuolar 
type H(+)-ATPase regulates cytoplasmic pH in murine 
macrophages. J. Biol. Chem. 265, 7645-7654.

Tegos, G., F.R. Stermitz, O. Lomovskaya, and K. Lewis. 2002. 
Multidrug pump inhibitors uncover remarkable activity of 
plant antimicrobials. Antimicrob. Agents Chemother. 46, 3133- 
3141.

Tyagi, A.K., C. Agarwal, D.C. Chan, and R. Agarwal. 2004. Syner-
gistic anti-cancer effects of silibinin with conventional cytotoxic 
agents doxorubicin, cisplatin and carboplatin against human 
breast carcinoma MCF-7 and MDA-MB468 cells. Oncol. Rep. 
11, 493-499.

Van Den Berg Van Saparoea, H.B., J. Lubelski, R. Van Merkerk, 
P.S. Mazurkiewicz, and A.J. Driessen. 2005. Proton motive 
force-dependent Hoechst 33342 transport by the ABC trans-
porter LmrA of Lactococcus lactis. Biochemistry 44, 16931- 
16938.

Van Der Heide, T. and B. Poolman. 2002. ABC transporters: one, 
two or four extracytoplasmic substrate-binding sites? EMBO 
Rep. 3, 938-943.

Wellington, K. and B. Jarvis. 2001. Silymarin: a review of its clinical 
properties in the management of hepatic disorders. BioDrugs 
15, 465-489.

Yu, J.L., L. Grinius, and D.C. Hooper. 2002. NorA functions as a 
multidrug efflux protein in both cytoplasmic membrane vesicles 
and reconstituted proteoliposomes. J. Bacteriol. 184, 1370-1377.

Zgurskaya, H.I. and H. Nikaido. 1999. Bypassing the periplasm: re-
constitution of the AcrAB multidrug efflux pump of Escherichia 
coli. Proc. Natl. Acad. Sci. USA 96, 7190-7195.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


