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Abstract 

Background:  A precise, simple, accurate, and quick HPLC–PDA method for the determination of eluxadoline and 
rifaximin in rat plasma was developed and validated in this study. In this method, Loperamide hydrochloride was 
used as the internal standard and plasma samples were prepared using a liquid–liquid extraction technique for which 
acetonitrile was a solvent. An Agilent Symmetry C8 column (5 µm, 250 mm × 4.6 mm) at 283 nm and isocratic elution 
using HPLC grade acetonitrile and 7 mM TEA (pH 2.5) with a ratio of (40: 60 v/v) was used as a mobile phase and the 
flow rate employed was 1 mL min−1. A satisfactory chromatographic separation was accomplished.

Results:  An HPLC–PDA method for the determination of eluxadoline and rifaximin with retention times of 3.06 and 
7.82 min, respectively, was developed. The calibration curves appear linear for both eluxadoline and rifaximin in the 
range of 5–200 ng mL−1 and 10–400 ng mL−1, and the corresponding correlation coefficient values were found to be 
0.9999 and 0.9998 respectively. Lower limits of quantification (LLOQ) for eluxadoline and rifaximin were evaluated to 
be 5.0 ng mL−1 and 10.0 ng mL−1, respectively. The accuracy and precision results in all validation experiments were 
within the acceptance limits of FDA guidelines.

Conclusion:  The developed HPLC–PDA approach was fully validated to meet the USFDA guidelines for bioanalytical 
method validation in terms of precision, accuracy, and stability. The presented approach could be beneficial for the 
determination of ELX and RFX in rat plasma, according to validation parameters. This is one of the efficient method to 
study the pharmacokinetics of ELX and RFX in rats.
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Background
Eluxadoline (ELX), is chemically designed as 5-({[(2S)-
2-amino-3-(4-carbamoyl-2,6-dimethylphenyl)pro-
panoyl][(1S)-1-(4-phenyl-1H-imidazoi-2-yl)ethyl]amino}
methyl)-2-methoxybenzoic acid) [1]. Eluxadoline is a 
new oral active medication having opioid effects (µ- and 
k-opioid receptor agonist and antagonist) and is used to 
treat IBS with diarrhoea [2]. Due to low gastrointestinal 
permeability and important presystemic metabolism, 
eluxadoline has a low oral bioavailability of less than 1% 
[3, 4]. After oral administration of 100 mg of eluxadoline, 
the area under the plasma concentration–time profile 
(AUC) was 11–22 ng h  mL−1 and the peak plasma con-
centration (Cmax) was 2–4 ng mL−1 at 1.5–2.0 h. It is 81% 
bound to plasma proteins, with a half-life of 3.7–6.0  h 
[5]. The safety and efficacy of eluxadoline in patients 
with irritable bowel syndrome (IBS-D) with diarrhoea 
were studied in two randomized, double-blind, placebo-
controlled phase 3 studies (TARGET 1 and 2), and a 
unique phase 3 retreatment trial (TARGET 3) [6–9]. In 
2015, FDA approved Rifaximin (RFX) for the treatment 
of the gastrointestinal disorder (IBS-D) in adults. It is 
chemically designated as (2S,16Z,18E,20S,21S,22R,23-
R,24R,25S,26R,27S,28E)-25-(Acetyloxy)-5,6,21,23-tetra
hydroxy-27-methoxy-2,4,11,16,20,22,24,26-octamethyl-
2,7-(epoxypentadeca[1,11,13]trienimino)benzofuro[4,5-
e]pyrido[1,2-a]benzimidazole-1,15(2H)-dione.

Currently, there are few literature reports on the 
methods to determine these drugs in the biologi-
cal samples. Eluxadoline has been determined in rat 

plasma using µ-SPE followed by LC–MS/MS [10]. 
The LC–MS/MS technique was used to investigate 
the pharmacokinetics of eluxadoline in healthy South 
Indian male participants [11]. RP-HPLC was used to 
separate and identify eluxadoline and its impurities 
[12]. The degradation behaviour of the eluxadoline 
under various stress conditions followed by the identifi-
cation of the degradation products by HR-MS/MS and 
NMR studies was reported [13]. Similarly, to determine 
RFX in biological matrices and pharmaceutical dosage 
forms, various analytical methods such as HPLC [14–
17], LC–MS/MS [18], LC–ESI–MS [19, 20] have been 
reported. Even though these techniques have attained 
the requisite sensitivity and application, some of them 
require a considerable volume of plasma, many of 
them adopt a tedious extraction procedure, and others 
are either expensive or unavailable in most laborato-
ries. Furthermore, as per our knowledge, no analytical 
approach for the simultaneous determination of elux-
adoline and rifaximin in rat plasma has been described 
till date. Whereas, the method used in the present 
study HPLC–PDA has numerous advantages such as 
good separation, high sensitivity, outstanding specific-
ity, and low cost as compared to the methods reported 
earlier.

Our aim in this present research work is to develop 
and validate a fast HPLC–PDA method for simultane-
ously quantifying of ELX and RFX in rat plasma for 
pharmacokinetic studies. The bioanalytical method 
employed here has been validated as per the USFDA 
guidelines. Figure 1 depicts the structures of analytes.

Graphical abstract
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Methods
Materials and reagents
The ELX, RFX, and loperamide hydrochloride (IS) were 
collected from the local manufacturing pharmaceuti-
cal industry (Hyderabad, India). Deionized water used 
for sample preparation was obtained from Milli Q water 
purification system purchased from Millipore (Banga-
lore, India). HPLC gradient grade acetonitrile (ACN) 
was purchased from Merck (Mumbai, India). HPLC 
grade orthophosphoric acid (OPA), triethylamine (TEA) 
were obtained from Sigma Aldrich (Mumbai, India). 
In the present study, drug-free rat plasma was acquired 
from Bio needs Laboratory (Bangalore, India), and it was 
stored at − 20 °C until analysis. The centrifuge type 2-16P 
(Sigma, Zurich, Switzerland), nylon syringe filters 0.22 m 
(Millipore, India), and heparinized tubes were used to 
collect blood samples.

Preparation of buffer solution
1 mL Triethyl amine in 1 L water and the pH was adjusted 
to 2.5 with orthophosphoric acid.

Apparatus and chromatographic conditions
An alliance e2695 HPLC system (Waters Corp., Milford, 
MA, USA) with a quaternary pump, in-line degasser, 
auto-injector, column compartment, and PDA detector 
(model-2998) was used for HPLC analysis. Empower 2 
software was used to collect chromatographic data. All 
separation was achieved on Agilent Symmetry C8 col-
umn (5  µm, 250  mm × 4.6  mm) at room temperature. 
Isocratic elution with HPLC grade acetonitrile and 7 mM 
TEA (pH 2.5) (40:60, v/v) at a flow rate of 1 mL  min−1, 
an injection volume of 10 µL, and detection at 283  nm 
was used to determine ELX and RFX. A filter paper of 
0.45 µm was used to filter all the solutions and solvents 
(Millipore, India).

Preparation of standard stock and working solutions
Standard stock solutions were prepared by accurately 
weighing 10 mg of ELX and 20 mg of RFX and dissolv-
ing them individually in 100  mL of HPLC grade ACN. 
Stock solutions were further diluted to prepare the work-
ing solutions. The IS working solution (1.5 ng mL−1) was 
made by diluting the IS stock solution with the same dilu-
ent. All the solutions were stored at 4 °C in a volumetric 
flask and warmed to room temperature just before use.

Preparation of plasma CC standards and QC samples
Calibration curve (CC) standards of the analytes were 
made by spiking a suitable volume of working solu-
tions into blank plasma and final concentrations were 
obtained as 10.0, 25.0, 50.0, 75.0, 100.0, 125.0, 150.0, 
and 200.0 ng mL−1 for ELX; and 20.0, 50.0, 100.0, 150.0, 
200.0, 250.0, 300.0, 400.0  ng  mL−1 for RFX. The quality 
control samples for both ELX and RFX were prepared 
at three different concentration levels in blank plasma. 
In case of ELX, the lower quality control concentration 
(LQC) was prepared to be 50.0  ng  mL−1, the medium 
(MQC) and high quality control concentration (HQC) 
were prepared to be 100.0  ng  mL−1 and 150.0  ng  mL−1 
respectively. Whereas in the case of RFX the LQC was 
100.0 ng  mL−1, the MQC was 200.0 ng  mL−1 and HQC 
was 300  ng  mL−1. All spiked samples were stored in a 
deep freezer at – 80 °C.

Sample preparation
To extract analytes from the plasma, we have employed 
the liquid–liquid extraction method [21–23]. A plasma 
sample of 100 µL spiked with analytes of 600 µL and IS 
of 500 µL was added to an Eppendorf tube of 5 mL and 
the mixing process has been carried out for 1 min using 
a vortex. 800  µL of diluent was added to the samples 
and vortexed. After adding 1000 µL of ACN to the tube 

(a)                                                                         (b)  
Fig. 1  Chemical structures of a eluxadoline, b rifaximin
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and vortex for 10  min, the mixture was centrifuged at 
4500 rpm for 20 min at 10 °C. The supernatant solution 
was taken into another clean vial and dried under a nitro-
gen environment at 25  °C. The residue was dissolved in 
100 µL of mobile phase and, of which, 10 µL aliquot was 
injected into HPLC system.

Method validation
The US FDA bioanalytical method validation guidelines 
were used to validate the specificity, sensitivity, linearity, 
accuracy, precision, matrix effect, extraction recovery, 
and stability of the analytical method [24].

Specificity
To determine the specificity, six different samples of rat 
plasma and blank plasma spiked with target analytes, 
ELX and RFX were taken and retention times were ana-
lyzed. By analyzing the retention times of analytes and IS, 
no evidence of interfering substances was found under 
developed chromatographic conditions.

Sensitivity
The LLOQC samples were prepared and processed in six 
replicates to measure sensitivity, precision, and accuracy 
at the LLOQ level. The precision and accuracy should 
be within the acceptable limits of ≤ 20% and 80–120%, 
respectively.

Carry‑over effects
Carry-over was tested by injecting a blank sample of 
plasma immediately after the analysis of the upper limit 
of quantification, with acceptability criteria of 20% of the 
response of the analytes at the lower limit of quantifica-
tion and 5% of the IS peak response.

Linearity and LLOQ
To plot calibration curves, the ratio of peak areas of ana-
lytes to the IS was plotted against the concentrations 
of the analytes over the range from 5 to 200  ng  mL−1 
for ELX; and from 10 to 400  ng  mL−1 for RFX. The 
concentration of internal standard was maintained at 
1.5  ng  mL−1. The linearity was assessed using linear 
regression analysis. The LLOQ is defined as the low-
est concentration of analytes in the calibration curve. 
The precision and accuracy were found to be within the 
acceptance criteria of ≤ 20% and 80–120%, respectively.

Accuracy and precision
The determination of the accuracy and precision of this 
method was done by analyzing six replicates at four dif-
ferent QC levels: 5.0 (LLOQ), 50.0 (LQC), 100.0 (MQC), 
and 150.0  ng  mL−1 (HQC) for ELX and 10.0 (LLOQ), 
100.0 (LQC), 200.0 (MQC) and 300.0  ng  mL−1 (HQC) 

for RFX. The precision and accuracy of the method were 
determined through the percentage of coefficient of vari-
ation (% CV) and percentage recovery.

Extraction recovery
Recovery of analytes was determined by comparing with 
the peak areas of analytes extracted from six replicates 
(n = 6) of QC samples at LQC, MQC, and HQC levels to 
the equivalent areas of un-extracted analytes at the same 
concentrations.

Matrix effect
The matrix effect was measured by comparing the peak 
area of analytes spiked to blank plasma extracted sam-
ples to the clean standard solutions. Matrix effect cal-
culated using six different sources of plasma lots at the 
levels of LQC and HQC. No noticeable matrix effect was 
observed on this method.

Stability
The stability was assessed for LQC and HQC concentra-
tions of ELX and RFX in rat plasma, using different stor-
age and handling conditions of samples. The benchtop 
stability was tested at room temperature for 6 h. The QC 
samples were kept in auto-sampler vials at 10 °C for 24 h. 
For long-term stability, samples were stored in a deep 
freezer at – 80 °C for 28 days. Freeze–thaw stability was 
investigated through three freeze–thaw cycles from – 
80 °C to room temperature.

Dilution integrity
The effect of dilution of samples on the accuracy and 
precision of the method was investigated by testing the 
dilution integrity. To investigate the dilution integrity at 
a twofold dilution and the spiked samples were prepared 
above the ULOQ and tested in six replicates. The preci-
sion and accuracy should be within the acceptance crite-
ria of ≤ 20% and 85–115%, respectively.

Application to a pharmacokinetic study
Six healthy rats weighing approximately 200 ± 20 g were 
used in a pharmacokinetic study. An oral dose of ELX at 
0.416 mg/kg and RFX at 0.832 mg/kg was given to each 
rat. The rats were fasted for 12  h before administering 
the drugs and had access to water during the experi-
ment. The blood samples were collected at 0.25, 0.5, 0.75, 
1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0 h after the administration of 
drugs. Blood samples were taken in heparin-containing 
tubes and centrifuged at 4500 rpm for 10 min at 8 °C. The 
plasma samples were then refrigerated at – 80  °C until 
they were analyzed. WinNonlin software was used to 
determine pharmacokinetic parameters.
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Results
HPLC method development and optimization
The present study aimed to develop an HPLC–PDA 
method for simultaneously quantifying ELX and RFX in 
rat plasma samples and validate the method. A systematic 
approach was employed to develop and optimize method 
during the optimization process of the experimental 
conditions. During the study, the chromatographic con-
ditions that are to be optimized are mobile phase selec-
tion, type of column, and flow rate to achieve optimal 
separation and resolution from endogenous plasma 
components and eventually, obtain sharp peak form and 
enough peak responsivity. The separation was performed 
using RP-HPLC with a variety of mobile phase combina-
tions including organic modifiers such as methanol and 
acetonitrile in various concentrations, as well as buffers 
containing orthophosphoric acid and triethylamine of 
varying strength on Symmetry RP18, 150 mm × 4.6 mm, 
3.5  µm; X-Bridge phenyl 150 × 4.6  mm, 3.5  µm; Agilent 
Symmetry C8, 250 mm × 4.6 mm, 5 µm columns.

After several trials, the mobile phase containing 
HPLC grade acetonitrile and 7  mM TEA in water (pH 
2.5) (40: 60, v/v) was selected. We have found excellent 
responses from ELX and RFX with no potential interfer-
ence from endogenous substances when the flow rate was 
1.0 mL min−1 and 283 nm was the detection wavelength. 
Hence, the above-mentioned conditions were selected 
for analysis. The retention time was found to be 3.06 and 
7.82 min under the selected conditions, and the total run 
time was 12 min.

Method validation
Specificity
To evaluate the specificity of the method, six drug-free 
plasma samples from different sources were selected. 
To assess the interferences, the peak responses of the 
blank plasma and plasma samples spiked with the ana-
lytes and internal standard (IS) were compared. No 
interference was observed at the retention of analytes 
and IS from matrix endogenous components, as indi-
cated in Fig. 2.

Sensitivity
The LLOQs for ELX and RFX was found to be 
5.0 ng mL−1 and 10.0 ng mL−1, respectively. At this con-
centration, precision and accuracy results were found to 
be 0.48, 100.4% for ELX, and 1.37, 101.9%, respectively. 
The retention time of ELX, RFX, and IS were 3.06, 7.82, 
and 9.36 min, respectively. The chromatogram of analytes 
at LLOQ is shown in Fig. 3.

Carry‑over effects
Analysis of blank samples of plasma after injection of 
ULOQ samples revealed no peaks at the retention times 
of both analytes and IS, indicating that the described 
approach has no carryover effect.

Linearity and LLOQ
Linearity was assessed by preparing eight calibration 
standards in rat plasma with concentrations ranging from 
5 to 200 ng mL−1 for ELX; and 10–400 ng mL−1 for RFX. 
The internal standard concentration was maintained at 
1.5 ng mL−1. The ratio of peak areas of analytes to the IS 
plotted against concentrations of analytes to plot calibra-
tion curves. The linearity of analytes is determined by 
linear regression analysis. The calibration curves were 
constructed and found to be linear with good correla-
tions coefficient (r2) of 0.9999 and 0.9998 for ELX and 
RFX, respectively. The LLOQ was determined with tol-
erable accuracy and precision (≤ 20%). The LLOQ for 
ELX and RFX were found to be 10.0 and 5.0  ng  mL−1 
respectively. These results are shown in Additional file 1: 
Table S1. Additional file 1: Fig. S1 shows the represented 
chromatogram of analytes at LLOQ.

Accuracy and precision
The intra- and inter-day accuracy and precision of the 
method were determined by analyzing six replicates at 
four concentrations of QC samples (LLOQ, LQC, MQC, 
and HQC). The accuracy and precision were calculated 
and depicted as percentage of recovery and percentage of 
coefficient of variation (% CV) respectively. The accept-
ance criteria for accuracy within a range of 85–115% and 
the precision within 15% of the CV. The results of accu-
racy and precision were tabulated in Table 1.

Extraction recovery
Analytes recovery was calculated by comparing the peak 
areas of extracted analytes from six replicate (n = 6) QC 
samples at three concentration levels (Lower, Medium, 
High QC) with the corresponding areas of unextracted 
analytes at the equivalent concentrations. The extrac-
tion recoveries for the three QC levels (Lower, Medium, 
High QC) for ELX were 97.0%, 91.5%, and 93.8%, respec-
tively. The recoveries for RFX were 98.3%, 91.6% and 
95.3%, respectively. The obtained results are tabulated in 
Table 2.

Matrix effect
The matrix effect was investigated using six dissimi-
lar plasma lots at two different QC concentrations 
by comparing analytes peak area spiked to extracted 
blank plasma samples to plain standard solutions at the 
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identical concentration (Lower and Higher QC). The per-
centage of coefficient of variation (% CV) is within the 
acceptable range. No matrix effect was observed in rat 
plasma. The results are tabulated in Table 3.

Stability
The stability of ELX and RFX in plasma samples was 
studied under different storage conditions at LQC and 
HQC levels in six replicates. At the benchtop stability 
conditions, analytes were stable up to 6 h when stored at 
room temperature. In auto-sampler, the analytes in the 

Fig. 2  Representative chromatograms of a blank plasma, b IS and c analytes at LLOQ 5.0 ng/mL and 10.0 ng/mL of ELX and RFX, respectively
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plasma sample were stable at 10 °C for 24 h. In the study 
of dry extract, the drugs were found to be stable at 10 °C 
for 18 h. In the study of freeze–thaw stability, frozen sam-
ples were found to be stable in three freeze–thaw cycles 

from – 80 °C to room temperature. The long-term stabil-
ity test revealed that the analytes retained their stability 
for up to 28 days when stored at − 80 °C. The acceptance 
criteria for accuracy were found to be within a range of 

Fig. 3  The mean plasma concentration–time curve of a ELX (0.416 mg/kg), b RFX (0.832 mg/kg) in rats

Table 1  Intra- and Inter-day accuracy and precision results for ELX and RFX

Analytes Concentration level 
(ng mL−1)

Intra-day (n = 6) Inter-day (n = 18)

Mean found conc. 
(ng mL−1)

CV (%) Accuracy (%) Mean found conc. 
(ng mL−1)

CV (%) Accuracy (%)

ELX LLOQ (5.0) 5.02 ± 0.023 0.465 99.17 5.04 ± 0.036 0.717 99.6

LQC (50.0) 50.19 ± 0.207 0.413 99.65 50.43 ± 0.50 1.00 100.13

MQC (100.0) 99.89 ± 0.134 0.134 99.72 99.78 ± 0.143 0.144 99.6

HQC (150.0) 149.91 ± 0.311 0.207 99.68 149.94 ± 0.637 0.425 99.71

RFX LLOQ (10.0) 10.19 ± 0.138 1.358 99.42 10.18 ± 0.12 1.186 99.39

LQC (100.0) 100.36 ± 0.148 0.147 100.2 100.42 ± 0.131 0.130 100.2

MQC (200.0) 200.21 ± 0.077 0.038 100.0 200.23 ± 0.143 0.071 100.0

HQC (300.0) 302.16 ± 2.457 0.813 100.16 300.16 ± 2.157 0.714 100.61

Table 2  Extraction recovery results for ELX and RFX

Analytes Spiked conc.level (ng 
mL−1)

Area response (n = 6) Extraction recovery (%) CV (%)

Extracted mean 
response

Post extracted mean 
response

ELX LQC (50.0) 65,540 67,563 97.0 0.68

MQC (100.0) 130,424 142,522 91.5 0.16

HQC (150.0) 195,784 208,552 93.8 0.31

RFX LQC (100.0) 120,553 122,549 98.3 0.17

MQC (200.0) 240,481 262,371 91.6 0.13

HQC (300.0) 362,942 380,569 95.3 0.83
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85–115% and the precision ≤ 15% of the CV. The results 
are shown in Table 4.

Dilution integrity
The integrity of dilution was assessed by measuring the 
concentration of each drug in rat plasma by twofold 
dilution with a blank matrix. The precision expressed as 
% CV was found to be 1.08 and 0.65 for ELX and RFX 
and accuracy was found to be 97.5% and 100.8% for ELX 
and RFX, respectively. By analyzing the results, it can be 
inferred that the dilution of the samples in the rat plasma 
with blank plasma has caused no effect on the precision 
and accuracy of the procedure.

A pharmacokinetic study in rats
The validated analytical method was successfully applied 
to the assay of plasma samples collected from healthy rats 
after oral administration of 0.416  mg/kg and 0.832  mg/
kg for ELX and RFX, respectively. Figure  3 shows the 
mean plasma concentration vs time curves for ELX and 
RFX. Table 5 consists of the pharmacokinetic parameters 
namely, maximum plasma concentration (Cmax), time of 
maximum plasma concentration (Tmax), half-life (t1/2), 
the area under the concentration–time curve 0 h to infin-
ity (AUC​0-∞), and the area under the concentration–time 

curve 0  h to time ‘t’(AUC​0-t) which were calculated by 
using WinNonlin software.

Discussion
From the literature reports, no analytical approach for the 
simultaneous determination of eluxadoline and rifaximin 
in rat plasma has been described. Currently, there are 
few literature reports on the methods for the individual 
determination of eluxadoline have been reported [10–13] 
and for the individual estimation of rifaximin have been 
reported [14–20]. Even though these techniques have 
attained the requisite sensitivity and application, some 
of them require a considerable volume of plasma, many 

Table 3  Matrix effect results for ELX and RFX

Analytes Area response (n = 6) Matrix factor CV (%)

Post extracted mean response Neat mean response

LQC HQC LQC HQC LQC HQC LQC HQC

ELX 65,540 195,784 67,563 208,552 0.97 0.93 0.68 0.32

RFX 120,553 362,942 122,549 380,569 0.98 0.95 0.18 0.83

Table 4  The stability study of ELX and RFX under storage condition in rat plasma

Storage condition Conc. level ELX RFX

Concentration 
(ng mL−1)

CV (%) Accuracy (%) Concentration 
(ng mL−1)

CV (%) Accuracy (%)

Bench top (6 h at RT) LQC 50.0 0.41 97.0 100.15 0.14 98.3

HQC 150.0 0.1 93.7 300.3 0.04 94.6

Autosampler (24 h at 10 °C) LQC 50.0 0.54 96.7 100.15 0.07 98.5

HQC 150.0 0.09 93.7 300.3 0.04 94.7

Three freeze–thaw cycles (− 80 °C to RT) LQC 50.0 0.39 96.6 100.15 0.32 98.4

HQC 150.0 0.1 93.7 300.3 0.08 94.7

Long term (28 days at -80 °C) LQC 50.0 0.43 81.7 100.15 1.03 84.3

HQC 150.0 0.2 74.3 300.3 0.57 74.9

Dry extract (18 h at 10 °C) LQC 50.0 0.61 97.0 100.15 1.92 100.9

HQC 150.0 0.98 93.6 300.3 0.62 95.9

Table 5  Pharmacokinetic parameters

Parameter Analytes

RFX ELX

t1/2 (h) 5.0 5.0

tmax (h) 1.5 1.5

cmax (ng/mL) 95.2 179.3

AUC​0-t (ng h/mL) 245 463

AUC​0-∞ (ng h/mL) 245 463

AUC​t-∞ (ng h/mL) 11.9 23.8
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of them adopt a tedious extraction procedure, and others 
are either expensive or unavailable in most laboratories. 
Whereas, the method used in the present study, HPLC–
PDA has numerous advantages such as good separation, 
high sensitivity, outstanding specificity, and low cost as 
compared to the methods reported earlier.

The developed method has been validated as per the 
USFDA guidelines for all the parameters. The developed 
method has good linear with correlation coefficient val-
ues of 0.9999 for ELX and 0.9998 for RFX indicates a 
good correlation over the linearity range. The precision 
and accuracy of the method were determined through 
the percentage of coefficient of variation (% CV) and per-
centage recovery. The acceptance criteria for accuracy 
within a range of 85–115% and the precision within 15% 
of the CV (Table  1). The LLOQ values of the proposed 
method represents that the method is highly sensitive 
(Additional file  1: Table  S1). The extraction recovery of 
the spiked ELX and RFX were found to be in the ranges 
from 97.0 to 91.5 and 98.3 to 91.6, which represents that 
the proposed method has adequate accuracy as per FDA 
guidelines. The method was successfully applied to phar-
macokinetic study of ELX and RFX in rat plasma.

Conclusions
In the present research work, we have successfully devel-
oped an HPLC–PDA method for the determination of 
ELX and RFX in Wistar rat plasma and validated the 
method. This method developed in the present study has 
a benefit of being simple and cost-effective liquid–liquid 
extraction for sample pre-treatment along with a reduced 
chromatography acquisition time, and the separation of 
analytes possible with an isocratic mode with a mobile 
phase (HPLC grade acetonitrile and aqueous solution of 
TEA, pH 2.5). The lower limit of quantification for ELX 
was found to be 5.0  ng  mL−1, and for RFX was found 
to be 10.0 ng  mL−1. The approach was fully validated to 
meet the USFDA guidelines for bioanalytical method val-
idation in terms of accuracy, precision, and stability. The 
presented approach could be beneficial for the determi-
nation of ELX and RFX in rat plasma, according to vali-
dation parameters. This method was also used to study 
the pharmacokinetics of ELX and RFX in rats.
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