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Abstract Keywords
* Linezolid
Linezolid (LZD) is an oxazolidinone antibiotic agent that acts against gram-positive « Albumin

bacteria. It was recently reported that LZD can induce severe hematologic toxicity, « Alphal-acid glycoprotein

which is thought to result in high LZD concentrations in plasma. Although many factors « Protein binding

can affect the disposition of drugs, the binding of drug to plasma proteins, such as
albumin and alphal-acid glycoprotein (AGP), is one of the most important factors
due to the competitive displacement of drugs from proteins. However, little is known
about the interactions of LZD with these proteins. The aim of this study was to elucidate
the binding characteristics of LZD to human serum albumin (HSA) and AGHP, including
binding parameters and the binding site. Based on the results of fluorescence studies
and ultrafiltration experiments, it appears that LZD binds to both HSA and AGP, but the
affinity of LZD for both proteins was low. Competitive protein binding analyses using
an ultrafilitration method clearly indicated that LZD binds to the digitoxin binding site
on HSA and the basic and/or hydrophobic drug binding site on AGP. These detailed
analyses of LZD-HSA or LZD-AGP interactions provide valuable information in terms of

understanding the pharmacokinetics properties of LZD in clinical settings.

ABBREVIATIONS

LZD: Linezolid; AGP: Alphal-Acid Glycoprotein; HSA: Human
Serum Albumin; WF: Warfarin Potassium; Auo: Auramine O;
DNSS: Dansylsarcosine; BR: Bilirubin; IDP: lodipamide; PBZ:
Phenylbutazone; DIG: Digitoxin; NR: Nile Red; ANS: 8-Anilino-1-
Naphthalenesulfonic Acid

INTRODUCTION

Linezolid (LZD; Figure 1), a member of the oxazolidinone
family, exhibits a broad spectrum of activity against gram-
positive bacteria, including methicillin-resistant Staphylococcus 0
aureus and vancomycin-resistant enterococci, and has very
favorable rates of penetration into tissues [1]. It is available in )\0 o
both intravenous and oral formulations and can be switched I
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dosage, based on therapeutic drug monitoring, even in patients
with impaired renal function, because the pharmacokinetic
profiles of LZD in patients with and without renal insufficiency
were found to be quite similar [2]. However, recent clinical
studies have shown that LZD can induce severe hematologic
toxicity, particularly thrombocytopenia, in patients with renal
insufficiency [3], which is thought to be associated with high
LZD concentrations in the plasma [4]. Therefore, it is frequently
recommended that therapeutic drug monitoring of LZD would be

from intravenous to oral formulations (or oral to intravenous
formulations) without dose modification due to its 100% F H
absolute bioavailability of oral administration. Furthermore, LZD,
unlike other anti-methicillin-resistant Staphylococcus aureus
drugs, can be safely administered without the need to adjust the

Figure 1 Chemical structure of LZD ((-)-N-[[(S)-3-(3-fluoro-4-
morpholinophenyl)-2-oxo-5- oxazolidinyl|methyl]acetamide).
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especially helpful for dosage adjustment. In fact, Pea et al., based
on results from a retrospective study reported that adequate
maintenance of the LZD trough concentration can be helpful in
avoiding the hematological toxicity induced by LZD [5]. Thus,
it is important to regulate the pharmacokinetics, especially the
plasma concentration, of LZD.

The binding of drugs to plasma proteins, such as albumin and
alphal-acid glycoprotein (AGP) is a major determinant in the
disposition of a drug. However, the interaction of LZD with these
proteins has not been well evaluated. In this study, the binding
characteristics of LZD to human serum albumin (HSA) and AGP
was investigated using a fluorescence method, a fluorescence
probe displacement method and competition experiments, and
the binding site, binding constant (K) and the number of binding
sites (n) were also determined.

MATERIALS AND METHODS
Reagents

HSA (fatty acid free) and human AGP were purchased

from Sigma-Aldrich (Missouri, USA). LZD (LKT Laboratories
Inc., St. Paul, MN), warfarin potassium (WF) (Eisai Co., Tokyo,
Japan), Auramine O (AuO) (Nakalai Tesque, Inc. Kyoto, Japan),
dansylsarcosine (DNSS), bilirubin (BR) and iodipamide (IDP)
(Sigma, St. Louis, MO, USA) were obtained as pure substances
from the manufacturers. Phenylbutazone (PBZ), digitoxin (DIG),
Nile Red (NR) and 8-Anilino-1-naphthalenesulfonic Acid (ANS)
were purchased from Tokyo chemical industry CO., LTD (Tokyo,
Japan). All other chemicals were of the highest grade commerecially
available. LZD solution was prepared using phosphate buffer (67
mM, pH 7.4).

Fluorescence Quenching Experiments

Fluorescence quenching experiments were carried out using
a HITACHI F-2500 fluorescence spectrometer (Tokyo, Japan)
in a 1 cm quartz cell using an excitation wavelength of 285 nm.
Emission spectra in the absence and presence of LZD were
recorded at 300-550 nm. Fluorescence titrations were performed
by maintaining the HSA or AGP concentration (2.5 pM in 67
mM phosphate buffer, pH 7.4) constant and stoichiometrically
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Figure 2 Fluorescence emission spectra of (A) HSA-LZD and (B) AGP-LZD in 67 mM phosphate buffer pH 7.4.
Free HSA or AGP alone (2.5 pM) and free HSA or AGP (2.5 uM) with different concentrations of LZD (5, 10, 20, 30, 40, 50, 60, 70 and 80 uM).

Excitation wavelength = 285 nm, Emission wavelength = 300-550 nm.
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Figure 3 (A) Effect of LZD on the fluorescence intensity of WF (open circle) and DNSS (closed circle) bound to HSA. The following concentrations

were used: HSA, 2 uM; WF and DNS, 2 uM.

(B) Competitive HSA binding of LZD and each site marker of HSA (WF and DNS) at pH 7.4 and 25°C. The binding of LZD to HSA in the presence of 60

UM site markers is shown. Values are expressed as the mean + S.D. (n = 6).
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varying the LZD concentration (0-80 pM). The fluorescence
intensity derived from LZD is negligible.

Determination of the Bound Percentage of LZD to
Human Plasma, HSA and AGP

The samples were prepared in Eppendorftubes, where pooled
human plasma (Interstate Blood Bank Inc., Lot#: UT075998),
600 uM HSA or 45 uM AGP were incubated with 100 uM of LZD.
The fractions of free LZD and LZD bound to HSA or AGP were
separated by ultrafiltration using Amicon Ultra Centrifugal
Filters (Millipore, MW CO 10 kDa) and centrifugation for 10 min
at 3,000 g. The free LZD concentrations were then measured
by high performance liquid chromatography as described in a
previous report [6].

Determination of LZD Binding Parameters

The samples were prepared in Eppendorf tubes, where 60
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uM HSA or AGP were incubated with 6, 12, 18, 24, 30, 45, 60
and 120 uM of LZD. The fractions of free LZD and LZD bound to
HSA or AGP were separated by ultrafiltration using Amicon Ultra
Centrifugal Filters (Millipore, MW CO 10 kDa) and centrifugation
for 10 min at 3,000 g. The free LZD concentrations were then
measured by high performance liquid chromatography as
described in a previous report [6]. All binding parameters were
analyzed according to the Scatchard equation shown below:

r/[D] = nK-rK

Where r is the moles of drug bound per mole of protein, [D/]
is the concentration of free drug, n is binding site multiplicity per
class of binding sites, and K is the equilibrium binding constant.

Fluorescent Probe Displacement Experiments

WF and DNSS were used as fluorescent probes for site I and
site Il on HSA, respectively [7]. Both probes were dissolved in
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Figure 4 Effect of site markers for HSA (WF, DNSS, DIG, PBZ, I0D and BR) on free percentage of LZD at pH 7.4 and 25°C. The binding of LZD to HSA
in the presence of 60 uM site markers are shown. Values are expressed as the mean * S.D. (n = 3-6). **p<0.01 vs. HSA only.
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Figure 5 (A) Effect of LZD on the fluorescence intensity of AuO (open circles), NR (gray circles) and ANS (closed circles) bound to AGP. The following
concentrations were used: AGP, 1.5 uM; AuO, 20 uM; NR, 1.5 pM; ANS, 10 pM.

(B) Effect of site marker for AGP (AuO, NR and ANS) on free percentage of LZD at pH 7.4 and 25°C. The binding of LZD to AGP in the presence of 60
UM site markers are shown. Values are expressed as the mean * S.D. (n = 6). **p<0.01 vs. AGP only
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100% ethanol. The displacement experiments for WF and DNSS by
LZD were performed by recording the fluorescence of a solution
containing 2 pM WF or DNSS and 2 uM HSA, while gradually
increasing the concentration of LZD. The excitation wavelengths
for WF and DNSS were 320 and 350 nm, respectively. The
emission spectra for WF and DNSS were recorded in the range of
350-450 nm and 400-600 nm respectively.

For probe displacement experiments of AGP, an LZD solution
was titrated into a 1 cm quartz cell containing a 2 uM AGP-
probe complex solution. Three fluorophores were employed to
purportedly probe the acidic (ANS), basic (Au0) and hydrophobic
(NR) drug binding sites on AGP [8-10]. AGP and AuO were
dissolved in 67 mM phosphate buffer (pH 7.4), and ANS and NR
were dissolved in dimethyl sulfoxide. The excitation wavelengths
specific for each probe were as follows: ANS (400 nm), Au O
(428 nm) and Nile Red (550 nm). The emission spectrum for
each probe was collected across the following wavelengths: ANS
(420-600 nm), AuO (460-660 nm) and NR (590-750 nm).

Site Marker Competitive Experiments

Binding studies between LZD and HSA (or AGP) in the
presence of site markers were measured using the ultrafiltration
method. The 60 uM HSA or AGP solution, 60 pM LZD and 60 uM
each site markers (HSA; WF, DNSS, PBZ, IDP, DIG and BR, AGP;
ANS, NR and AuO) mixture were ultrafiltrered at 25°C and 3000 g
for 10 min using Amicon Ultra Centrifugal Filters (Millipore, MW
CO 10 kDa). Free LZD concentrations were measured by high
performance liquid chromatography as described in a previous
report [6]. The retention behavior of LZD was not affected by the
presence of all site markers.

Statistical Analysis

Statistical analyses were performed by using one-way analysis
of variance. A probability value of p< 0.05 was considered to be
significant.

RESULTS AND DISCUSSION
Interaction of LZD with HSA and AGP

Drug-HSA or drug-AGP interactions were determined by
fluorescence quenching of the protein upon drug binding [11,12].
Although the maximum fluorescence emission of protein arises
from tryptophan, tyrosine and phenylalanine, phenylalanine
has a very low quantum yield and the fluorescence of tyrosine
is nearly completely quenched if it is ionized or located near an
amino group, a carboxyl group or a tryptophan residue. Thus,
the interactions of LZD with both proteins were first evaluated
by measuring the intrinsic fluorescence intensity of tryptophan
residues in HSA or AGP in the absence and presence of LZD. As
a result, the maximum fluorescence of both HSA and AGP were
quenched upon the binding of LZD in the presence of increasing
concentrations of LZD (Figure 2). In addition, neither the shape
nor the maximum wavelength of the HSA and AGP emission
spectra were changed in the presence of LZD. These data indicate
that LZD binds to both HSA and AGP, and micro environmental
changes around tryptophan residues are induced in both HSA
and AGP by the presence of LZD.

To confirm the results obtained by the fluorescence

quenching experiments, the binding of LZD to HSA and AGP
were further determined using an ultrafiltration method. The
percentage bound to plasma was approximately 40%, a value
that is close to the data obtained using *C-LZD described in the
package insert [13]. In addition, LZD binds to HSA and AGP with
the physiological concentration (HSA; 600 uM, AGP; 45uM), and
the percentage of both HSA and AGP bound was approximately
42.2 * 2.4% and 37.8 £ 2.2%, respectively. Taken together with
fluorescence quenching and ultrafiltration experiment, it can be
concluded that LZD interacts with both HSA and AGP.

Determination of Binding Parameters of LZD for HSA
and AGP

The binding parameters of LZD for HSA and AGP were
determined using an ultrafiltration method. The individual
binding parameters, the n and K values, obtained by applying the
Scatchard equation, are summarized in (Table 1). The data show
that the binding affinities of LZD to both HSA and AGP are low.
Moreover, there is only a single binding site for LZD in both HSA
and AGP.

Identification of the Binding Site of LZD on HSA

It is well known that there are major specific drug binding
sites, site I and site II, on HSA [14]. X-ray diffraction studies
have shown that HSA is made up of three homologous domains,
namely, I-IlI, each of which is comprised of two subdomains,
referred to as A and B, and the these major specific drug binding
sites on HSA are located in hydrophobic cavities in subdomains
IIA and IIIA [15-17]. To identify the binding site of LZD to HSA,
we first performed site marker displacement experiments using
representative fluorescent probes, WF (a site I probe) and DNSS (a
site [l probe), based on the method of Sudlow et al. [18]. As shown
in (Figure 3A), the fluorescent properties of both the WF-HSA
and the DNSS-HSA complex were not changed by LZD. Because
the binding affinity of WF (3.4 x 10° M) [19] and DNSS (1.4 x
10°M1) [20] is 1~2 orders greater than that of LZD, it is possible
that LZD did not displace the fluorescent probes. Thus, we then
investigated whether these fluorescent probes competitively
block the binding of LZD to HSA using an ultrafilitration method.
The results indicated that WF and DNSS had no effect on the free
percentage of LZD (Figure 3B). These data suggest that LZD does
not bind to major specific drug binding sites (site I and II) but,
rather, binds to other binding sites on HSA.

Site I is not simple binding region but is rather complex and is
comprised of three subsites, namely, Ia, Ib and Ic [19]. In addition,
not all substances, including drugs and endogenous substances,
bind to sites I or II. Curry and collaborators demonstrated
the presence of BR and 7 fatty acid binding sites through a
crystallographic analysis [15,21]. In addition, a digitoxin binding

Table 1: Binding parameters of LZD to HSA and AGP as determined by
ultrafiltration at pH 7.4 and 25°C.

K n
x10* (M)
HSA 43+0.5 0.89 +0.15
AGP 40+1.2 0.87 +£0.14

K: binding constant; n: number of binding sites
Values are expressed as the mean + S.D. (n = 3).
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site has also been identified [22,23]. Thus, we finally investigated
whether these substances competitively block the binding of
LZD to HSA using an ultrafirtration method. PBZ (Ia~Ib) and
IDP (Ia~Ic) are used as markers for subsite Ia, Ib and Ic [19]. As
shown in Figure 4, the percentage of free LZD was significantly
increased when DIG was used, whereas other markers (PBZ,
I0D and BR) had no effect on these values. In addition, since
there are 7 fatty acid-binding sites on HSA, we also carried out
the competitively blocking of the binding of LZD to HSA in the
presence myristic acid. As a result, the presence of a fatty acid
(myristic acid) had no effect on the free percentage of LZD, even
though the concentration of myristic acid was increased up to 7
times compared to the concentration of LZD (data not shown).
These data suggest that LZD binds to the digitoxin binding site
on HSA.

The change in free drug concentration due to the
displacement of drugs from the binding site may influence the
pharmacological activity of a drug or the induction of side effects.
In fact, Setoguchi et al. reported that pain relief in rheumatoid
arthritis patients using a diclofenac suppository was increased
by the simultaneous oral administration of nabumetone due to
the competitive displacement of diclofenac from the binding site
by the coadministered nabumetone, because both diclofenac and
the active metabolite of nabumetone bind strongly to site II on
HSA [24]. In addition, a similar phenomenon was observed in a
study using rats on the combination therapy of flurbiprofen axetil
and a lipid emulsion [25]. Thus, an increase in the free fraction of
LZD may cause an enhancement in pharmacological activity (anti-
microbial activity) or the induction of side effects (hematologic
toxicity) when the competitive displacement of LZD from the
binding site of HSA occurs as the result of the coadministration of
drugs or endogenous substances. In this study, since the binding
affinities of LZD to HSA are low, it is thought that LZD may be
easily displaced from the binding site by competitive substances.
However, since LZD binds to the digitoxin binding site on HSA
(little is known regarding the binding of substances to the
digitoxin binding site on HSA), LZD would not be insusceptible
to competitive displacement on HSA by coadministered drugs or
endogenous substances.

Binding interaction of LZD with AGP

To identify the binding site of LZD on AGP, site marker
displacement experiments using representative fluorescent
probes, ANS (an acidic drug binding site probe), AuO (a basic
drug binding site probe) and NR (a hydrophobic drug binding
site probe), were performed based on a previous report [26].
As a result, no fluorescent changes of any of the fluorescent
probe-complexs were observed in the addition of LZD (Figure
5A). Because, the binding affinity of each fluorescent probe of
AGP is much higher than that of LZD itself, it is possible that LZD
is not capable of displacing the fluorescence probes. We next
investigated whether these fluorescent probes competitively
block the binding of LZD to AGP using an ultrafilitration method.
As a result, AuO and NR caused a significantly increased free
percentage of LZD, while ANS had no effect on the free percentage
of LZD (Figure 5B). In a previous study, it was clarified the drug-
binding sites on AGP, as determined by displacement experiments
using fluorescent probes, indicated that the binding sites on AGP
are not completely separated, but rather may be overlapped for

basic, acidic and neutral drugs [27]. Thus, LZD was displaced by
both AuO and NR. In addition, AGP is a mixture of at least two
genetic variants: the A variant and the F1 and/or S variant. (F1*S
variant). Recently, the X-ray crystallographic structures of the A
and F1*S variants have been reported by our and other groups
showed that the binding pocket of the F1*S variant consists of
three lobes (I-III) whereas two lobes (I and II) are involved in
the case of the A variant [28,29]. It is known that F1*S variant
has wide, overlapping binding sites for basic, acidic and neutral
drugs, while the A variant contains binding sites for basic and
neutral drugs but not acidic drugs [27,30]. Based on these facts,
LZD, which is a basic drug, would be located around the basic and
hydrophobic drug binding sites on the binding pocket of both the
F1*S and A variants.

Petain et al reported that the concentration of AGP is
significantly correlated with the clearance and/or volume of
distribution of imatinib [31]. This indicates that the binding of
drugs to AGP has the potential to play a crucial role in regulating
its plasma concentration. In this study, the percentage of LZD
that is bound to AGP (approximately 40%) was much lower than
the binding of other drugs to AGP, such as imatinib (more than
96%) [32]. Therefore, it is unlikely that the binding of LZD to AGP
affects on disposition or plasma concentration of LZD.

CONCLUSION

This study is the first report concerning the interaction of
LZD with two major serum proteins, namely, HSA and AGP.
Although LZD binds to both HSA and AGP, the percentage of
bound molecules and the affinity of LZD for both proteins were
low. Therefore, it is not necessary to take into consideration
drug-drug interaction on proteins, even with the advent of the
hematologic toxicity in patients associated with changes in LZD
concentrations in plasma. However, the concentration of AGP may
increase up to three- or four-fold under pathological conditions,
including infections, because AGP is an acute phase reactant
protein [33]. In addition, hypoalbuminemia can also occur under
several pathological conditions, such as the nephrosis syndrome
and chronic liver failure [34]. In these patients, the possibility
of a temporary or a continuous change of the concentration of
LZD in plasma cannot be excluded. Therefore, careful attention
to changes in the LZD concentration in plasma is called for in
these patients. Furthermore, it is also necessary to identify the
preferential amino acid residues of HSA and AGP that play an
important role for LZD binding. In the future, it should realize
this point using site-directed mutagenesis such as chemical or
genetic modified HSA and AGP.

ACKNOWLEDGEMENTS

This work was supported by a research grant from Sojo
University.

REFERENCES

1. Stein GE, Wells EM. The importance of tissue penetration in achieving
successful antimicrobial treatment of nosocomial pneumonia and
complicated skin and soft-tissue infections caused by methicillin-
resistant Staphylococcus aureus: vancomycin and linezolid. Curr Med
Res Opin. 2010; 26: 571-88.

2. Brier ME, Stalker D], Aronoff GR, Batts DH, Ryan KK, O’Grady M,
Hopkins NK. Pharmacokinetics of linezolid in subjects with renal
dysfunction. Antimicrob Agents Chemother. 2003; 47: 2775-2780.

J Pharmacol Clin Toxicol 3(2): 1045 (2015)

5/6


http://www.ncbi.nlm.nih.gov/pubmed/20055750
http://www.ncbi.nlm.nih.gov/pubmed/20055750
http://www.ncbi.nlm.nih.gov/pubmed/20055750
http://www.ncbi.nlm.nih.gov/pubmed/20055750
http://www.ncbi.nlm.nih.gov/pubmed/20055750
http://www.ncbi.nlm.nih.gov/pubmed/12936973
http://www.ncbi.nlm.nih.gov/pubmed/12936973
http://www.ncbi.nlm.nih.gov/pubmed/12936973

@SCiMedCentra]

Otagiri et al. (2015)
Email: otagirim@ph.sojo-u.ac.jp

3. Matsumoto K, Takeda Y, Takeshita A, Fukunaga N, Shigemi A,
Yaji K, et al. Renal function as a predictor of linezolid-induced
thrombocytopenia. Int ] Antimicrob Agents. 2009; 33: 98-99.

4. Nukui Y, Hatakeyama S, Okamoto K, Yamamoto T, Hisaka A, Suzuki
H, et al. High plasma linezolid concentration and impaired renal
function affect development of linezolid-induced thrombocytopenia.
] Antimicrob Chemother. 2013; 68: 2128-2133.

5. PeaF,Viale P, Cojutti P, Del Pin B, Zamparini E, Furlanut M. Therapeutic
drug monitoring may improve safety outcomes of long-term treatment
with linezolid in adult patients. ] Antimicrob Chemother. 2012; 67:
2034-2042.

6. Dong H, Wang X, Dong Y, Lei J, Li H, You H, Wang M. Clinical
pharmacokinetic/pharmacodynamic profile of linezolid in severely ill
intensive care unit patients. Int ] Antimicrob Agents. 2011; 38: 296-
300.

7. Panjehshahin MR, Bowmer C], Yates MS. Effect of valproic acid, its
unsaturated metabolites and some structurally related fatty acids
on the binding of warfarin and dansylsarcosine to human albumin.
Biochem Pharmacol. 1991; 41: 1227-1233.

8. Brown MB, Miller N, Seare NJ. An investigation of the use of nile red
as a long-wavelength fluorescent probe for the study of alpha 1-acid
glycoprotein-drug interactions. | Pharm Biomed Anal. 1995; 13: 1011-
1017.

9. EssassiD,ZiniR, Tillement]P. Use of 1-anilino-8-naphthalene sulfonate
as a fluorescent probe in the investigation of drug interactions with
human alpha-1-acid glycoprotein and serum albumin. ] Pharm Sci.
1990; 79: 9-13.

10.Sugiyama Y, Suzuki Y, Sawada Y, Kawasaki S, Beppu T, Iga T, et al.
Auramine O as a fluorescent probe for the binding of basic drugs to
human alpha 1-acid glycoprotein (alpha 1-AG). The development of
a simple fluorometric method for the determination of alpha 1-AG in
human serum. Biochem Pharmacol. 1985; 34: 821-829.

11.Lehrer SS. Solute perturbation of protein fluorescence. The quenching
of the tryptophyl fluorescence of model compounds and of lysozyme
by iodide ion. Biochemistry. 1971; 10: 3254-3263.

12.Nishi K, Fukunaga N, Otagiri M. Construction of expression system for
human alpha 1-acid glycoprotein in Pichia pastoris and evaluation of
its drug-binding properties. Drug Metab Dispos. 2004; 32: 1069-1074.

13.http://www.info.pmda.go.jp/go/pack/6249002F1024_4_10/

14.Yamasaki K, Chuang VT, Maruyama T, Otagiri M. Albumin-drug
interaction and its clinical implication. Biochim Biophys Acta. 2013;
1830: 5435-5443.

15.Curry S, Mandelkow H, Brick P, Franks N. Crystal structure of human
serum albumin complexed with fatty acid reveals an asymmetric
distribution of binding sites. Nat Struct Biol. 1998; 5: 827-835.

16.Ghuman ], Zunszain PA, Petitpas I, Bhattacharya AA, Otagiri M, Curry
S. Structural basis of the drug-binding specificity of human serum
albumin. ] Mol Biol. 2005; 353: 38-52.

17.Carter DC, Ho JX. Structure of serum albumin. Adv Protein Chem.
1994; 45: 153-203.

18.Sudlow G, Birkett D], Wade DN. The characterization of two specific
drug binding sites on human serum albumin. Mol Pharmacol. 1975;
11: 824-832.

19.Yamasaki K, Maruyama T, Kragh-Hansen U, Otagiri M. Characterization

Cite this article

of site I on human serum albumin: concept about the structure of a
drug binding site. Biochim Biophys Acta. 1996; 1295: 147-157.

20.Sakai T, Yamasaki K, Sako T, Kragh-Hansen U, Suenaga A, Otagiri M.
Interaction mechanism between indoxyl sulfate, a typical uremic toxin
bound to site II, and ligands bound to site I of human serum albumin.
Pharm Res. 2001; 18: 520-524.

21.Zunszain PA, Ghuman ], McDonagh AF, Curry S. Crystallographic
analysis of human serum albumin complexed with 4Z,15E-bilirubin-
[Xalpha. ] Mol Biol. 2008; 381: 394-406.

22.Sj6holm [, Ekman B, Kober A, Ljungstedt-Pahlman [, Seiving B, Sjodin T.
Binding of drugs to human serum albumin:XI. The specificity of three
binding sites as studied with albumin immobilized in microparticles.
Mol Pharmacol. 1979; 16: 767-777.

23.Kragh-Hansen U. Relations between high-affinity binding sites of
markers for binding regions on human serum albumin. Biochem ]J.
1985; 225: 629-638.

24.Setoguchi N, Takamura N, Fujita K, Ogata K, Tokunaga ], Nishio T,
et al. A diclofenac suppository-nabumetone combination therapy
for arthritic pain relief and a monitoring method for the diclofenac
binding capacity of HSA site Il in rheumatoid arthritis. Biopharm Drug
Dispos. 2013; 34: 125-136.

25.0gata K, Takamura N, Tokunaga ], Kawai K, Arimori K, Higuchi S.
Dosage plan of a flurbiprofen injection product using inhibition of
protein binding by lipid emulsion in rats. ] Pharm Pharmacol. 2008;
60: 15-20.

26.Azad MA, Huang JX, Cooper MA, Roberts KD, Thompson PE, Nation RL,
et al. Structure-activity relationships for the binding of polymyxins
with human o-1-acid glycoprotein. Biochem Pharmacol. 2012; 84:
278-291.

27.Maruyama T, Otagiri M, Takadate A. Characterization of drug binding
sites on alpha 1-acid glycoprotein. Chem Pharm Bull (Tokyo). 1990;
38:1688-1691.

28.Nishi K, Ono T, Nakamura T, Fukunaga N, Izumi M, Watanabe H, et
al. Structural insights into differences in drug-binding selectivity
between two forms of human alphal-acid glycoprotein genetic
variants, the A and F1*S forms. ] Biol Chem. 2011; 286: 14427-14434.

29.Schonfeld DL, Ravelli RB, Mueller U, Skerra A. The 1.8-A crystal
structure of alphal-acid glycoprotein (Orosomucoid) solved by UV
RIP reveals the broad drug-binding activity of this human plasma
lipocalin. ] Mol Biol. 2008; 384: 393-405.

30.Matsumoto K, Sukimoto K, Nishi K, Maruyama T, Suenaga A, Otagiri M.
Characterization ofligand binding sites on the alphal-acid glycoprotein
in humans, bovines and dogs. Drug Metab Pharmacokinet. 2002; 17:
300-306.

31.Petain A, Kattygnarath D, Azard ], Chatelut E, Delbaldo C, Geoerger B,
et al. Population pharmacokinetics and pharmacogenetics of imatinib
in children and adults. Clin Cancer Res. 2008; 14: 7102-71009.

32.Fitos |, Visy ], Zsila F, Mady G, Simonyi M. Selective binding of imatinib
to the genetic variants of human alphal-acid glycoprotein. Biochim
Biophys Acta. 2006; 1760: 1704-1712.

33.Fournier T, Medjoubi-N N, Porquet D. Alpha-1-acid glycoprotein.
Biochim Biophys Acta. 2000; 1482: 157-171.

34.Gatta A, Verardo A, Bolognesi M . Hypoalbuminemia. Intern Emerg
Med. 2012; 7 Suppl 3: S193-199.

Taguchi K, Yamasaki K, Shiga A, Otagiri M, Seo H (2015) Interactions of Linezolid with Two Major Serum Proteins, Human Serum Albumin and Alpha-1 Acid

Glycoprotein. J Pharmacol Clin Toxicol 3(2):1045.

J Pharmacol Clin Toxicol 3(2): 1045 (2015)

6/6


http://www.ncbi.nlm.nih.gov/pubmed/18790615
http://www.ncbi.nlm.nih.gov/pubmed/18790615
http://www.ncbi.nlm.nih.gov/pubmed/18790615
http://www.ncbi.nlm.nih.gov/pubmed/23625638
http://www.ncbi.nlm.nih.gov/pubmed/23625638
http://www.ncbi.nlm.nih.gov/pubmed/23625638
http://www.ncbi.nlm.nih.gov/pubmed/23625638
http://www.ncbi.nlm.nih.gov/pubmed/22553142
http://www.ncbi.nlm.nih.gov/pubmed/22553142
http://www.ncbi.nlm.nih.gov/pubmed/22553142
http://www.ncbi.nlm.nih.gov/pubmed/22553142
http://www.ncbi.nlm.nih.gov/pubmed/21741222
http://www.ncbi.nlm.nih.gov/pubmed/21741222
http://www.ncbi.nlm.nih.gov/pubmed/21741222
http://www.ncbi.nlm.nih.gov/pubmed/21741222
http://www.ncbi.nlm.nih.gov/pubmed/1706921
http://www.ncbi.nlm.nih.gov/pubmed/1706921
http://www.ncbi.nlm.nih.gov/pubmed/1706921
http://www.ncbi.nlm.nih.gov/pubmed/1706921
http://www.ncbi.nlm.nih.gov/pubmed/8580145
http://www.ncbi.nlm.nih.gov/pubmed/8580145
http://www.ncbi.nlm.nih.gov/pubmed/8580145
http://www.ncbi.nlm.nih.gov/pubmed/8580145
http://www.ncbi.nlm.nih.gov/pubmed/2313585
http://www.ncbi.nlm.nih.gov/pubmed/2313585
http://www.ncbi.nlm.nih.gov/pubmed/2313585
http://www.ncbi.nlm.nih.gov/pubmed/2313585
http://www.ncbi.nlm.nih.gov/pubmed/3977957
http://www.ncbi.nlm.nih.gov/pubmed/3977957
http://www.ncbi.nlm.nih.gov/pubmed/3977957
http://www.ncbi.nlm.nih.gov/pubmed/3977957
http://www.ncbi.nlm.nih.gov/pubmed/3977957
http://www.ncbi.nlm.nih.gov/pubmed/5119250
http://www.ncbi.nlm.nih.gov/pubmed/5119250
http://www.ncbi.nlm.nih.gov/pubmed/5119250
http://www.ncbi.nlm.nih.gov/pubmed/15229172
http://www.ncbi.nlm.nih.gov/pubmed/15229172
http://www.ncbi.nlm.nih.gov/pubmed/15229172
http://www.info.pmda.go.jp/go/pack/6249002F1024_4_10/
http://www.ncbi.nlm.nih.gov/pubmed/23665585
http://www.ncbi.nlm.nih.gov/pubmed/23665585
http://www.ncbi.nlm.nih.gov/pubmed/23665585
http://www.ncbi.nlm.nih.gov/pubmed/9731778
http://www.ncbi.nlm.nih.gov/pubmed/9731778
http://www.ncbi.nlm.nih.gov/pubmed/9731778
http://www.ncbi.nlm.nih.gov/pubmed/16169013
http://www.ncbi.nlm.nih.gov/pubmed/16169013
http://www.ncbi.nlm.nih.gov/pubmed/16169013
http://www.ncbi.nlm.nih.gov/pubmed/8154369
http://www.ncbi.nlm.nih.gov/pubmed/8154369
http://www.ncbi.nlm.nih.gov/pubmed/1207674
http://www.ncbi.nlm.nih.gov/pubmed/1207674
http://www.ncbi.nlm.nih.gov/pubmed/1207674
http://www.ncbi.nlm.nih.gov/pubmed/8695640
http://www.ncbi.nlm.nih.gov/pubmed/8695640
http://www.ncbi.nlm.nih.gov/pubmed/8695640
http://www.ncbi.nlm.nih.gov/pubmed/11451040
http://www.ncbi.nlm.nih.gov/pubmed/11451040
http://www.ncbi.nlm.nih.gov/pubmed/11451040
http://www.ncbi.nlm.nih.gov/pubmed/11451040
http://www.ncbi.nlm.nih.gov/pubmed/18602119
http://www.ncbi.nlm.nih.gov/pubmed/18602119
http://www.ncbi.nlm.nih.gov/pubmed/18602119
http://www.ncbi.nlm.nih.gov/pubmed/530258
http://www.ncbi.nlm.nih.gov/pubmed/530258
http://www.ncbi.nlm.nih.gov/pubmed/530258
http://www.ncbi.nlm.nih.gov/pubmed/530258
http://www.ncbi.nlm.nih.gov/pubmed/3977850
http://www.ncbi.nlm.nih.gov/pubmed/3977850
http://www.ncbi.nlm.nih.gov/pubmed/3977850
http://www.ncbi.nlm.nih.gov/pubmed/23225308
http://www.ncbi.nlm.nih.gov/pubmed/23225308
http://www.ncbi.nlm.nih.gov/pubmed/23225308
http://www.ncbi.nlm.nih.gov/pubmed/23225308
http://www.ncbi.nlm.nih.gov/pubmed/23225308
http://www.ncbi.nlm.nih.gov/pubmed/18088500
http://www.ncbi.nlm.nih.gov/pubmed/18088500
http://www.ncbi.nlm.nih.gov/pubmed/18088500
http://www.ncbi.nlm.nih.gov/pubmed/18088500
http://www.ncbi.nlm.nih.gov/pubmed/22587817
http://www.ncbi.nlm.nih.gov/pubmed/22587817
http://www.ncbi.nlm.nih.gov/pubmed/22587817
http://www.ncbi.nlm.nih.gov/pubmed/22587817
http://www.ncbi.nlm.nih.gov/pubmed/2208384
http://www.ncbi.nlm.nih.gov/pubmed/2208384
http://www.ncbi.nlm.nih.gov/pubmed/2208384
http://www.ncbi.nlm.nih.gov/pubmed/21349832
http://www.ncbi.nlm.nih.gov/pubmed/21349832
http://www.ncbi.nlm.nih.gov/pubmed/21349832
http://www.ncbi.nlm.nih.gov/pubmed/21349832
http://www.ncbi.nlm.nih.gov/pubmed/18823996
http://www.ncbi.nlm.nih.gov/pubmed/18823996
http://www.ncbi.nlm.nih.gov/pubmed/18823996
http://www.ncbi.nlm.nih.gov/pubmed/18823996
http://www.ncbi.nlm.nih.gov/pubmed/15618681
http://www.ncbi.nlm.nih.gov/pubmed/15618681
http://www.ncbi.nlm.nih.gov/pubmed/15618681
http://www.ncbi.nlm.nih.gov/pubmed/15618681
http://www.ncbi.nlm.nih.gov/pubmed/18981009
http://www.ncbi.nlm.nih.gov/pubmed/18981009
http://www.ncbi.nlm.nih.gov/pubmed/18981009
http://www.ncbi.nlm.nih.gov/pubmed/17008009
http://www.ncbi.nlm.nih.gov/pubmed/17008009
http://www.ncbi.nlm.nih.gov/pubmed/17008009
http://www.ncbi.nlm.nih.gov/pubmed/11058758
http://www.ncbi.nlm.nih.gov/pubmed/11058758
http://www.ncbi.nlm.nih.gov/pubmed/23073857
http://www.ncbi.nlm.nih.gov/pubmed/23073857

	Interactions of Linezolid with Two Major Serum Proteins, Human Serum Albumin and Alpha-1 Acid Glycop
	Abstract
	Abbreviations
	Introduction
	Materials and methods
	Reagents
	Fluorescence Quenching Experiments
	Determination of the Bound Percentage of LZD to Human Plasma, HSA and AGP
	Determination of LZD Binding Parameters
	Fluorescent Probe Displacement Experiments
	Site Marker Competitive Experiments
	Statistical Analysis

	Results and Discussion 
	Interaction of LZD with HSA and AGP  
	Determination of Binding Parameters of LZD for HSA and AGP
	Identification of the Binding Site of LZD on HSA
	Binding interaction of LZD with AGP

	Conclusion
	Acknowledgements
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1

