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bstract

A liquid chromatography–mass spectrometry method (LC–MS/MS) for the quantitative determination of rifaximin in human plasma was
eveloped and validated. In the developed procedure, metoprolol was added to human plasma as an internal standard (IS) and acetonitrile was used
o precipitate the plasma proteins before LC–MS/MS analysis. Chromatographic separation was obtained on a RESTEK Pinnacle C18 column
50 mm × 2.1 mm, 5 �m) with a mobile phase consisted of ammonium acetate solution (15 mM, pH 4.32) as buffer A and methanol as mobile phase
. Quantification was performed in positive mode using multiple reaction monitoring (MRM) of the transitions m/z 786.1 → 754.1 for rifaximin
nd m/z 268.3 → 116.1 for the IS. The assay has been validated over the concentration range of 0.5–10 ng/ml (r = 0.9992) based on the analysis of

.2 ml of plasma. The assay accuracy was between 98.2% and 109%. The within-day and between-day precision was better than 3.9% and 8.9% at
hree concentration levels. The freeze–thaw stability was also investigated and it was found that both rifaximin and the IS were quite stable. This

ethod provides a rapid, sensitive, specific and robust tool for the quantitative determination of rifaximin in human plasma, which is especially
seful for the pharmacokinetic study of rifaximin.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Hepatic encephalopathy (HE) is a complex hepatic disease.
ts pathological cause remains speculative, but increasingly it is
egarded as a metabolic or neurophysiologic disorder [1]. Rifax-
min (Fig. 1) is one of the non-absorbable antibiotics for the
reatment of HE because it is not absorbed from the gastroenteric

ucosa and persists longer at higher levels in the lumen of the
astroenteric tract, minimizing the risk of systemic side effects
2]. The antimicrobial spectrum of rifaximin includes aerobic
nd anaerobic Gram-positive and Gram-negative bacteria [3,4].

t is used primarily to treat local conditions within the gastroin-
estinal tract. After oral administration it undergoes virtually no
ystemic absorption [5]. In a recent pilot study, rifaximin pro-
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ided some clinical benefits for patients with steroid-refractory
evere ulcerative colitis [6]. Due to its non-absorbable charac-
eristic, pharmacokinetic studies in animals and also in human
howed that its concentration in body fluid was rather low [7–9],
specially in plasma, almost all the concentrations was under
he limit of detection (LOD). However, sensitivities of previ-
us reports were not high enough. Therefore, these conclusions
eed to be further examined with a more sensentive method.
his requirement prompted us to develop a more sensitive quan-

ification method to determine the plasma concentrations of
ifaximin.

Several methods including HPLC–UV [9–11], HPLC
oupled with electrochemical detection (ECD) [7,12] and
adioligand binding technique [13] have been reported for
he determination of rifaximin. However, lack of sensitivity
indered the application of HPLC/UV on the pharmacokinetic

tudy of rifaximin. Furthermore, laborious and time-consuming
rocedures of sample preparation and long analysis time also
estricted its application. HPLC–ECD was another choice for
he quantification of rifaximin. Although its relatively high

mailto:suodizhai@yahoo.com.cn
dx.doi.org/10.1016/j.jchromb.2006.12.001
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acetate, pH 4.32 as buffer A and methanol as mobile phase B.
The column was run at a flow rate of 0.2 ml/min from 50% B to
Fig. 1. Chemical structures of (A) rifaximin (B) metoprolol (the IS).

ensitivity allowed the achievement of a limit of quantification
f 2 ng/ml [7], there were many practical issues, such as diffi-
ulties in stabilizing the detector, interferences by endogenous
eaks, and restriction of mobile phases, associated with this
ethod. The technique of radioligand binding was recently

eported [13], but the technique was difficult to perform and the
rocedures were rather laborious. Moreover, most laboratories
refer not to handle radiomaterials. On the other hand, modern
harmacokinetic studies requires methods that can accurately
easure low concentration levels of drugs in small amounts

f available samples in a high throughput fashion. Therefore,
here is an unmet need to develop a rapid, sensitive, and robust
nalytical method for the quantitative analysis of rifaximin in
lasma.

The objective of the present investigation was to develop
n LC–MS/MS method to accurately and rapidly determine
he plasma concentrations of rifaximin. Recently, LC–MS/MS
as used widely to measure concentrations of various drugs

n biological fluids and tissues because of its high specificity,
ensitivity, and robustness. High selectivity of MS/MS detec-
ion has greatly simplified the process of sample preparation
nd method development. Therefore, the LC–MS/MS technique
ombined with rapid sample preparation by simple protein pre-
ipitation seemed to be the best choice for the quantification
f plasma rifaximin. So far, to our knowledge, the quantitative
etermination of human plasma levels of rifaximin by reversed-
hase LC–MS/MS has not been reported in the literature. In

ur method, metoprolol (Fig. 1B) was employed as the IS. The
eveloped method provides a highly sensitive and selective way
o determine the levels of rifaximin in human plasma with a lower

1
o
2

. B 850 (2007) 348–355 349

imit of quantification of 0.5 ng/ml with only 0.2 ml of plasma.
his method was validated and applied successfully to deter-
ine the plasma concentrations of rifaximin of clinical patients

reated with this drug.

. Experimental

.1. Chemicals and reagents

Rifaximin was provided by Sanye Pharm. Com. (Hainan
rovince, China). Metoprolol was purchased from National
nstitute for the Control of Biological Products (Beijing, China).

ethanol (Fisher Chemical, USA), ammonium acetate (Dikma
echnologies Inc., USA) and acetonitrile (Dikma Technologies
nc., USA) of HPLC grade were used. The mobile phase was fil-
rated with a 0.45 �m film before use. Drug-free human plasma
as purchased from the local blood bank (Beijing Red Cross
lood Center, China) and was stored at −40 ◦C. The water used
as distilled and deionized.

.2. Instrumentation

LC–MS/MS analysis was performed with an Agilent 1100
PLC system (Agilent Technology, USA) consisting of binary
umps, an autosampler and a vacuum degasser. The HPLC
ystem is coupled to an API 3000 triple quadrupole mass
pectrometer equipped with a TurboIonSpray (TIS, Applied
iosystems, Foster City, CA) source, under the control of the
nalyst software (Version 1.4).

.3. Rifaximin calibration standard and sample preparation

Stock solutions of rifaximin (1 mg/ml) and the IS (0.4 mg/ml)
ere prepared in methanol and stored at 4 ◦C. Seven rifax-

min working solutions (5, 10, 20, 40, 60, 80 and 100 ng/ml)
ere made by diluting the stock solution with methanol. The IS
orking solution was 480 ng/ml. All the working solutions were
repared freshly before use.

For the preparation of plasma samples, 20 �l of the IS
orking solution was added to a 1.5 ml polypropylene tube con-

aining 200 �l of plasma spiked with rifaximin and vortex-mixed
or 10 s. Then 600 �l of acetonitrile was added, vortex-mixed
or another 1.0 min, and centrifuged for 5 min at 12,000 rpm.
he clear solution was transferred to a brown sample vial for

njection.

.4. Chromatography conditions

Chromatographic separation was made by reverse-phase
PLC on a RESTEK Pinnacle C18 column (50 mm × 2.1 mm,
�m). The mobile phase consisted of 15 mM ammonium
00% B over 3 min. The mobile phase was then returned to the
riginal 50% B at 3 min and remained at 50% B for an additional
min. The injection volume was 5 �l.
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Several analytical columns of different sizes and brands were
evaluated to found out which one produced the sharpest and
most symmetrical peaks. We observed that a RESTEK Pinnacle
C18 column (50 mm × 2.1 mm, 5 �m) provided satisfying peak
50 X. Zhang et al. / J. Chrom

.5. Mass spectrometry conditions

The positive ion detection mode was used. Nitrogen was the
ebulizer and curtain gas. Collision induced dissociation was
chieved using nitrogen as the collision gas. The ion source con-
itions were set as following: temperature 400 ◦C, nebulizer gas
units (units refers to an arbitrary value set by the Analyst soft-
are), curtain gas 9 units, collision gas 5 units, ionspray voltage
000 V, collision energies 33.0 V for rifaximin and 27.0 V for
he IS, electron multiplier voltage 2100 V, declustering poten-
ial 54 V for rifaximin and 55 V for the IS, focusing potential
00 V, entrance potential 10 V, collision exit potential 27 V for
ifaximin and 9 V for the IS, and the dwell time 200 ms. Under
hese conditions, transitions m/z 786.1 → 754.1 was used for the
etection of rifaximin and m/z 268.3 → 116.1 for the IS.

.6. Calibration and validation

The calibration plasma samples at levels of 0.5, 1, 2, 4, 6, 8 and
0 ng/ml were precipitated with acetonitrile and analyzed by the
escribed LC–MS/MS method. Calibration graphs (Y = aX + b)
ere constructed by plotting the relative peak area rifaximin/IS

Y) versus analyte concentration (X) in ng/ml, with a weighting
actor 1/X.

The accuracy and intra-batch precision of the method were
etermined by analyzing the quality control samples (QC) for
ve times at three different concentrations, that is, 1, 4 and
ng/ml. To determine the between-batch precision, the QC sam-
les of three different batches were analyzed and each level
as analyzed for five times in parallel. The freeze–thaw stabil-

ty was also examined by freezing the QC samples at −40 ◦C
ver night and thawing them at room temperature for three
ycles.

.7. Application to clinical samples

A test study was done to determine the plasma levels of
ifaximin in clinical patients who were treated with 200 mg of
ifaximin. Blood samples were collected following the proper
uidelines set up by the hospital. Blood from 10 clinical patients
as collected before drug administration and 1, 2 and 4 h after
rug administration. This is a test study, not a full course
harmacokinetic study, what we care about is the maximum
oncentration, and therefore blood samples were collected only
o 4 h after drug administration. Plasma samples were stored at

40 ◦C until analysis. After addition of 20 �l IS to 0.2 ml plasma
amples, they were precipitated with acetonitrile and analyzed
y LC–MS/MS.

. Results and discussion

.1. MS/MS detection
Initially, both the positive and negative modes of detection
ere investigated and we found that the positive mode of detec-

ion was more sensitive for rifaximin and for metoprolol. Hence,
ositive mode was employed in the experiments. In this mode,

F
(

r. B 850 (2007) 348–355

he very soft ionization process in the TIS source produces the
recursor ions [M+H]+. The major precursor ions observed were
/z = 786.1 for rifaximin and m/z = 268.3 for the IS. Each of

he precursor ions was subjected to collision induced dissoci-
tion in order to obtain product ions. The collision conditions
ere optimized and it was found that the best detection was
btained when the collision gas was set at 5 units, the col-
ision energy was at 33 V for rifaximin and 27 V for the IS.
nder these conditions, the full product ion spectra of rifax-

min and the IS were acquired (Fig. 2). The fragmentation
echanism was also proposed based on the product spectra

nd their structures. After collision, the dissociation of rifax-
min results in one main fragment of m/z 754.1, suggesting a
ossible loss of methanol molecule (Fig. 3A). Therefore, ion
ransition of m/z 786.1 → 754.1 was selected for the detec-
ion of rifaximin. For the IS, the process of dissociation was

uch more complex. The collision produced more complicated
ragments and several steps were likely involved in the pro-
ess [14]. The probable fragmentation mechanism for the IS
re proposed in Fig. 3B to account for most of the observed
roduct ions. The ion transition m/z 268.3 → 116.1, which is
he strongest product ion, was selected for the detection of the
S.

.2. Optimization of the chromatography conditions
ig. 2. Representative full-scan product ion spectra of rifaximin 50–800 amu
A) and of the IS 100–300 amu (B).
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hapes and was hence employed in this study. The mobile
hases were also optimized. A gradient mobile phase consisting
f ammonium acetate buffer (15 mM, pH 4.32, A) and methanol
B) was found to produce adequate retention and good peak
hapes for rifaximin and for the IS. The column was eluted at
flow rate of 0.2 ml/min from 50% B to 100% B over 3 min.
hen it returned to 50% B and remained there for another 2 min.
he chromatograms for rifaximin and the IS are depicted in
ig. 4. As shown, the retention times of rifaximin and the IS
ere 2.26 and 1.23 min, respectively. The total analysis time
as 5 min for each run.

.3. Method validation

.3.1. Specificity
Drug-free plasma was precipitated by acetonitrile and ana-

yzed by the developed method. Fig. 5 shows the representative

hromatograms for a drug-free plasma sample. No endogenous
eaks are present at the retention times (tR) of rifaximin or that
f the IS, demonstrating that the developed LC–MS/MS method
s highly selective. Moreover, that no analyte-interfering peaks

w
o
b
9

Fig. 3. Proposed fragmentation pathw
. B 850 (2007) 348–355 351

ere observed in the 10 patient samples that were collected
efore drug administration also supports the high selectivity of
his method. Peaks at the expected retention time did show up
n the plasma samples of some patients who were administered
ith the drug (Fig. 6).

.3.2. Linearity, precision and accuracy
The weighted regression calibration (1/X) curve was linear

ver the concentration range of 0.5–10 ng/ml in human plasma.
he mean equation of linearity was Y = (0.0832 ± 0.0164)
+ (0.0179 ± 0.0113) (n = 5), with each of the correlation coef-
cients (r) greater than 0.9990. There was less than 12.0%
eviation between the nominal and experimental concentrations
alculated from the equations (Table 1). The limit of detection
LOD) was 0.16 ng/ml and the limit of quantification (LOQ) was
.5 ng/ml.

An assessment of intra-batch and between-batch precisions

ere conducted by analyzing QC samples at three levels. Data
f precisions are presented in Table 2. The intra-batch and the
etween-batch precisions ranged from 2.2 to 3.9% and 5.7 to
.1%, respectively. Accuracies for intra-batch and between-

ays of (A) rifaximin (B) the IS.
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Fig. 3.

atch samples were 101–109% and 98.2–108%, respectively,
f the nominal value.

.3.3. Robustness
There is a continuing demand for bioanalytical methods

ased on LC–MS/MS systems for the evaluation of new chemi-

al entities because of its specificity, sensitivity, robustness, and
igh-throughput capability. Matrix interference on ionization
nd detection is likely a problem when protein precipitation
s the only step used for sample preparation as compared

a
e
w
m

inued ).

o liquid–liquid extraction and solid-phase extraction meth-
ds. In spite of this concern, the protein precipitation method
as been employed as the routine sample preparation pro-
edure for LC–MS/MS assays in our laboratory mainly due
o its simplicity and robustness. Matrix effect was not a
roblem for us. The sensitivity and accuracy of our method

re satisfying for the purpose of our study (Table 2). How-
ver, further sample clean up by solid phase extraction along
ith sample concentration might increase the sensitivity even
ore.



X. Zhang et al. / J. Chromatogr. B 850 (2007) 348–355 353

3

i

Fig. 5. Chromatograms obtained from a drug-free human plasma sample.
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Fig. 4. Chromatograms of standard samples (A) rifaximin (B) the IS.
.4. Stability

Since all samples were processed well within 6 h after thaw-
ng, we chose to leave QC samples at room temperature for 0,

2
t
r
a

able 1
ean inter-day back-calculated concentrations and correlation coefficiencies

ominal concentration (ng/ml) Inter-day back calculated concentrations

0.5 1.0 2.0

un ID
I 0.54 0.88 2.03
II 0.57 0.93 1.87
III 0.56 0.96 1.91
IV 0.58 0.88 1.91
V 0.56 0.97 1.83

ean 0.56 0.93 1.91
.S.D. (%) 2.3 4.7 3.9
ccuracy (%) 112 92.5 95.5

able 2
ntra-batch and between-batch precisions and accuracy of rifaximin in human plasma

ominal concentration (ng/ml) Intra-batch (n = 5)

Measured concentration (ng/ml)

1.08 ± 0.03
4.05 ± 0.16
8.72 ± 0.19
ransitions for acquisition: (A) m/z 786.1 → 754.1 for cilnidipine; (B) m/z
68.3 → 116.1 for IS.

and 6 h to investigate their stability. The calculated concentra-

ions and R.S.D.% were listed in Table 3. The average accuracy
anged from 93.6 to 109% after being placed at room temper-
ture for 2 h and the value was 101–109% for 6 h. These data

r

4.0 6.0 8.0 10

4.17 5.81 8.08 9.99 0.9992
3.89 6.02 8.10 10.10 0.9993
3.89 5.73 7.93 10.50 0.9986
3.97 6.06 8.05 10.10 0.9992
3.91 5.83 8.00 10.40 0.9989

3.97 5.89 8.03 10.21 0.9990
3.0 2.4 0.85 2.2 0.03

99.2 98.2 100 102

Between-batch (n = 3)

R.S.D. (%) Measured concentration (ng/ml) R.S.D. (%)

3.0 0.98 ± 0.09 9.1
3.9 3.98 ± 0.33 8.3
2.2 8.65 ± 0.51 5.7



354 X. Zhang et al. / J. Chromatogr. B 850 (2007) 348–355

Table 3
Stability of rifaximin in plasma at room temperature

Nominal
concentration (ng/ml)

0 h 2 h 6 h

Measured concentration
(ng/ml) (mean ± S.D.)

R.S.D.
(n = 3, %)

Measured concentration
(ng/ml) (mean ± S.D.)

R.S.D.
(n = 3, %)

Measured concentration
(ng/ml) (mean ± S.D.)

R.S.D.
(n = 3, %)

1 1.12 ± 0.04 3.6 1.09 ± 0.0
4 3.97 ± 0.19 4.8 3.78 ± 0.0
8 7.65 ± 0.24 3.1 7.49 ± 0.2

F
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t
tion of rifaximin in plasma was undetectable in most samples.
Our results confirmed the low absorption of this drug and its
passage into general circulation was negligible in most patients.
However, because the sensitivity and selectivity of this method

Table 5
Plasma concentration of rifaximin from 10 clinical patients

Patient number Plasma concentration (ng/ml)

0 h 1 h 2 h 4 h

1 nd nd nd nd
2 nd nd nd 0.66
3 nd nd nd nd
4 nd nd nd 0.52
5 nd nd nd 0.60
6 nd nd nd nd
7 nd nd nd 0.72

T
F

N
(

1
4
8

ig. 6. Chromatograms obtained from a plasma sample of a patient (A) rifaximin
B) the IS.

howed that the spiked samples were stable after being exposed
o room temperature for at least 6 h.

The freeze–thaw stability was also examined in the exper-
ment. QC samples were subjected to freeze–thaw cycles

onsisting of a thaw to room temperature (more than 4 h), vortex-
ng, and then refreezing (−40 ◦C) at least overnight. After each
reeze–thaw cycle, the samples were analyzed and the calculated
oncentrations were summarized in Table 4. The accuracy was

8
9
1

n

able 4
reeze–thaw stability of plasma samples

ominal concentration
ng/ml)

Before freeze After 1 fr

Measured concentration
(ng/ml) (mean ± S.D)

R.S.D.
(n = 3, %)

Measured
(ng/ml) (m

1.13 ± 0.02 2.2 1.19 ± 0.0
4.28 ± 0.20 4.6 4.53 ± 0.0
8.17 ± 0.38 4.6 8.27 ± 0.3
4 3.7 1.09 ± 0.04 3.7
2 0.5 4.08 ± 0.09 2.2
9 3.9 8.12 ± 0.13 1.6

etween 103 and 119% after 1 cycle and between 103 and 117%
fter three cycles. These results indicated that the samples were
table after three freeze–thaw cycles.

.5. Analysis of clinical samples

The blood samples from 10 clinical HE patients who were
reated with rifaximin orally at a dose of 200 mg were obtained
nd the plasma concentrations of rifaximin were determined
ith the developed method. This is not a full course pharma-

okinetic study and blood samples were collected only to 4 h
fter drug administration. As shown in Table 5, rifaximin was
ot detected in most patients in the early hours of drug admin-
stration, agreeing with the non-absorption characteristic of this
rug. But at 4 h some patients showed very low levels of rifax-
min in their blood. In general, our results were consistent with
hose reported in the literature [7], demonstrating the concentra-
nd nd nd nd
nd nd nd nd

0 nd nd nd nd

d: not detected.

eeze–thaw cycle After 3 freeze–thaw cycles

concentration
ean ± S.D)

R.S.D.
(n = 3, %)

Measured concentration
(ng/ml) (mean ± S.D)

R.S.D.
(n = 3, %)

1 0.5 1.17 ± 0.02 1.3
6 1.2 4.57 ± 0.01 0.1
2 3.9 8.26 ± 0.32 3.9
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ere much higher than those used in the literature, we did
nd traces of rifaximin after 4 h of administration in 40% of

he patients. Moreover, the plasma used in this assay was only
.2 ml, about 1/5 of that used in the literature. The small sample
olume required by our method would alleviate the discomfort
f participating patients.

It would be interesting to correlate blood levels of rifaximin
ith clinical observations of the treated patients. The presence or

bsence of rifaximin in blood may provide some insights into the
echanism of actions of the drug in the treatment of HE patients.

. Conclusion

An LC–MS/MS method was developed and validated for the
uantification of rifaximin in human plasma. This method is
apid, selective and highly sensitive with a quantification limit
f 0.5 ng/ml. Only 0.2 ml of plasma is needed for analysis with
his method, which greatly facilitated the collection of sam-
les. The method allows quantification of rifaximin over the
ange 0.5–10 ng/ml. The analysis time was decreased compar-

ng to conventional HPLC methods. For each run, only 5 min
as needed. This method was successfully applied to evaluate

he plasma concentration of rifaximin in patients. It provides a
ractical tool for in vivo detection of rifaximin.
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