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ABSTRACT

A rapid, specific and accurate high performance liquid chromatographic method for the determination of
Raltegravir in human plasma using metronidazole as internal standard has been developed and validated.
The separation was performed on a Phenomenex Cig (5uum; 250 X 4.6mm) column. The composition of the
mobile phase is 60:40 (v/v) of 10 mM phosphate buffer (pH 3.5+ 0.05) and acetonitrile. The peaks were
detected by UV-Visible detection at a wavelength of 268 nm. The extraction process involved a simple
liquid-liquid extraction technique using methyl-t-butyl ether. The method showed good linearity in the
range of 40.0-4003.9 ng mL™ with a sensitivity (limit of detection) of 40.0 ng mL™ using 200 pL of
K,EDTA plasma. The mean recovery of Raltegravir from all the quality control samples is 78.71% with a
coefficient of variation of 1.5% and recovery of internal standard was 73.2%. The intra-day accuracy at
three levels of quality control samples ranged from 96.8 - 102.2% with a precision of 3.5 to 5.8%. The
inter-day accuracy ranged from 94.3-103.5% with a precision of 2.7-7.7%. The peaks were well separated
from the plasma interferences. The method is successfully validated as per FDA guidelines in human
plasma containing K,EDTA as an anti-coagulant.
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INTRODUCTION

Raltegravir potassium is chemically, “N- [(4-Fluorophenyl) methyl]-1,6-dihydro5-hydroxy-1-methyl-2-[1-
methyl-1-[[(5-methyl-1,3,4-0xadiazol-2-yl) carbonyl] amino] ethyl] -6-oxo-4- pyrimidinecarboxamide
monopotassium salt” [1]. Raltegravir is a human immunodeficiency virus integrase strand transfer
inhibitor, is indicated in combination with other antiretroviral agents for the treatment of human
immunodeficiency virus (HIV-1) infection [2].

Literature survey revealed that a few analytical methods have been reported for the determination of
raltegravir in pure drug and in pharmaceutical dosage forms using HPLC [3-7] and LC-MS [8-11] either in
single or in combined forms. Rambabu Kuchi et al [12] and Satyanarayana et al [13] developed HPLC
methods for the analysis of Raltegravir in tablet dosage forms. One of the method reported by Jean
Francois Jourdil et al [14] described an LC-MS/MS method in which 3 antifungals and one active
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metabolite (posaconazole, voriconazole, itraconazole, and hydroxy-itraconazole), 5 antibiotics
(daptomycin, ciprofloxacin, oxacillin, levofloxacin, and rifampicin), an antineoplastic agent (imatinib), and
an antiretroviral (raltegravir) in human plasma were extracted using protein precipitation. Lauriane
Goldwirt et al [15] developed and validated a precise and accurate high-performance liquid
chromatography (HPLC) method with photodiode array detection for raltegravir.In this paper, we
described a simple liquid-liquid extraction technique for the determination of Raltegravir using
Metronidazole as internal standard. The sensitivity of the method is 40.0ng mL™. The method is developed
in human plasma containing K;EDTA as the anti-coagulant. The developed method was validated
according to the FDA guidelines [16].
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Fig.1. Structure of Raltegravir

MATERIALS AND METHODS

The list chemicals and reagents along with the instrumentation used for the experiment are given in table-
1. The optimized chromatographic conditions are given in table-2.

Table-1: Chemicals & Reagents &Instrumentation

Chemicals & Reagents Grade (Manufacturer)
Raltegravir and M/s Aurobindo Pharma Limited
Metronidazole
Ortho phosphoric acid and | Analytical Reagent Grade ( Merck Itd)
Potassium dihydrogen

phosphate
Milli-Q water In house
HPLC Configuration Shimadzu Class VP Binary pump LC-10ATvp, SIL-10ADvp Autosampler,

CTO-10Avp Column Temperature Oven, SPD-10Avp UV-Visible Detector.
SCL-10Avp System Controller was used to control the components of the
system. Data analysis carried out using LC Solutions Version 1.23 software.
Mobile Phase: a mixture of 60 parts of 10 mM mixed phosphate buffer (pH 3.5+
0.05) and 40 parts of acetonitrile.

Preparation of Standard Solutions: A stock solution of Raltegravir is prepared in a mixture of
acetonitrile and water (50:50) such that the final concentration is approximately 1000.97pg mL™. Stock
solution of Metronidazole (approx 1 mg mL™) is prepared in a mixture of acetonitrile and water (50:50).
The solutions were stored below 10°C. Aqueous stock dilution of Raltegravir is prepared in diluent
solution (mixture of 50: 50 % v/v of acetonitrile: HPLC Grade water).

Sample Preparation: Aqueous stock dilutions were prepared initially. 0.5 mL of each aqueous stock
dilution is transferred into a 10 mL volumetric flask. The final volume is made up with screened drug-free
K,EDTA human plasma and mixed gently for 15 min to achieve the desired concentration of calibration
curve standards. These calibration curve standards labeled from CC-01 to CC-08. Similarly, quality control
samples were prepared in plasma such that the final concentrations were 40.2, 120.3, 2148.1 and 2902.8ng
mL™ respectively. These samples are labeled as Lower limit of quantification (LLOQ), Low quality
control (LQC), median quality control (MQC) and high quality control (HQC) respectively. Each of these
spiked calibration standards and quality control samples were distributed in disposable polypropylene
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micro centrifuge tubes (2.0 mL, eppendorf) in volume of 0.3 mL and stored at -70°C until analysis.

Extraction procedure: The extraction of the plasma samples involved a simple liquid-liquid extraction
technique. For processing, the stored spiked samples were withdrawn from the freezer and allowed to thaw
at room temperature. An aliquot of 200 pL is then transferred to pre-labeled polypropylene centrifuge
tubes (2.0 mL.) 50 pL of internal standard dilution (50 pg/mL) is then added and vortexed for ten seconds.
2.5 mL of methyl tertiary butyl ether is then added. The tubes were further vortexed for 10 min at 2200
rpm on a vibramax unit and then centrifuged at 4000 rpm for 5 min at 10°C. 2mL of supernatant is then
transferred into prelabelled polypropylene tubes and allowed to evaporate to dryness under nitrogen gas at
constant temperature of 40 °C. The dried residue is reconstituted in 150 puL of mobile phase, vortexed
thoroughly and transferred into shell vials containing vial inserts for analysis. 50uL of the samples is then
injected into the system for analysis. The auto sampler temperature is maintained at 4°C throughout the
analysis. The column temperature oven is maintained at ambient temperature.

RESULTS AND DISCUSSION

Method development and optimization of the chromatographic conditions: Since LLE technique is
known to give good sample clean-up and little or no noise (due to matrix components [17]), these authors
adopted LLE technique. Interferences in LLE technique are due to the presence of phospholipids in the
human plasma matrix [18]. For developing the method for the assay of Raltegravir, a systematic study of
the effect of various factors was undertaken by varying one parameter at a time and keeping all the other
conditions constant. In order to get sharp peaks and base line separation of the components, the author has
carried out a number of experiments by varying the commonly used solvents, their compositions and flow
rate.Forideal separation of the drug under isocratic conditions, mixtures of commonly used solvents like
water, methanol and acetonitrile with or without buffers in different combinations were tested as mobile
phases on Cig stationary phase. A binary mixture of 10 mM phosphate buffer (pH 3.5+ 0.05) and
acetonitrile in the ratio 60:40 (v/v) was proved to be the most ideal of all the combinations with better
defined and resolution chromatographic peaks, free from tailing. A mobile phase flow rate of 1.4 mL/min.
was found to be suitable in the study range of 0.5 -1.5 mL min™.The detection of the drug was monitored
at 268 nm.A representative chromatogram for the separation of Raltegravir is shown in fig. 2. In the
optimized conditions (table 2), the retention times for Raltegravir and Metronidazole were found to be3.33
and 6.43 min respectively.

Table-2. Optimized Chromatographic Conditions

Parameter Value
Column Phenomenex Cg(4.6 X 250 mm, 5p)
10 mM potassium di hydrogen
Mobile phase phosphate pH 3.5 buffer and acetonitrile
(60:40 viv)
Flow rate 1.4 mL/min
Run time 9.0 min

Column oven temperature | 35 + 2°C
Auto sampler temperature | 10°C

Volume of injection 50 uL
Detection wave length 268 nm
Retention time of 3.33 min
Raltegravir ] )

Retention time of

Metronidazole 6.43 min.

561
Www. joac.info



G. Rama Babu et al

Journal of Applicable Chemistry, 2017, 6 (4): 559-567

mv
] \ Det.A Ch1
10- ”
. H
] |
- II|.1I
0 h
- /"",‘.-' IL. . —— . 3 -
T T T L T T T T
0 1 2 3 4 5 53 7 _8
min
1 Det. A Ch1/268nm
Fig. 2.1 Chromatogram of the extracted blank plasma sample
mVv
i o Delt.AChi
30 I
| =}
] =
i [ E
20 || E
1 n
|
i |
|
10 'I .
i | I.'I ||
u | I,.‘H ;..-"l II.I
0 Y/ | S L
5 ; A S L LTI =
min

1 Det.ACh1/268nm
Fig. 2.2 Chromatogram of Metronidazole (IS) spiked blank plasma sample

mV

7 = Det. A Chi
200 =
i |I%
] =
] 5
] ‘g
150 ! I
1 | y
4 | o
100 | =
] =
] | | S
] | =
| 1T}
50+ | "
] | "
|
] \ / ‘...
7 h " AR
ol _ VAR S . N
——— N ——————
0 1 3 a 5 6 7 8
min

1 DetA Chi/268nm

Fig. 2.3 Chromatogram of RALTEGRAVIR (drug) and Metronidazole (IS) spiked blank plasma sample

Validation of the Method: The quantitative HPLC-UV method was validated to determine selectivity,
calibration range, accuracy and precision, limit of detection (LOD), limit of quantitation, % recovery, short
term, long term, freeze—thaw, and auto sampler stability. The method was validated as per FDA guidelines.

Carry over test: Cary over test was determined by sequentially injecting the extracted blank plasma
sample, the extracted ULOQ standard and again, the extracted blank plasma sample and then calculating
the percentage of the residual analyte and the internal standard carried over to the latter blank plasma

sample.
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Screening of plasma lots and specificity: The selectivity of the present method was evaluated by
checking the blank K,EDTA plasma (without spiking with Raltegravir) obtained from different blood
donors. Six different lots of blank plasma were screened and all of them were shown no interference in the
blank plasma at the retention time of analyte and the internal standard. The same human EDTA plasma
lots, free of interfering substances, were used for the preparation of the calibration curve standards and QC
samples in the validation study. This result shows that all matrices under study meet the selectivity criteria
(100%).

Linearity: The linearity of the method was determined by using bulk spiked plasma samples using the
method of least squares. The standard curves were linear in the range of 40.0 - 4003.9 ng mL™ as shown in
Fig 3. The regression coefficient (r?) is in the range of 0.9879 - 0.9999.
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0.350000 4
0.300000 - * 0289441
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Fig 3: Calibration curve for RALTEGRAVIR (RALT CC1)

Precision and Accuracy: Accuracy and precision were evaluated from replicate analyses (n = 6) of
Quality-control samples containing Raltegravir at different concentrations. All the results were found
within the acceptable limit of precision (2.7-7.7%), and accuracy (94.3 -106.0%).

Recovery of the drug: From the knowledge of the areas of the extracted QC samples with equivalent
aqueous samples, the percent recoveries were calculated. Mean Recovery for Raltegravir was found to be
in the range of 77.7% - 81.0% (Mean Recovery: 78.71%).

Recovery of the internal standard: From the areas of the extracted IS samples with equivalent aqueous
IS samples, the percent recovery of the IS (Metronidazole) was calculated. The mean recovery obtained for
Metronidazole was found to be 73.2 %)

Stability of the drugs in stock solution

Short-term stability: Stock solutions of about 1.0 mg mL™ of Raltegravir and Metronidazole (IS) were
freshly prepared in methanol and a portion of the freshly prepared stock solutions (Stability samples), kept
at a room temperature of ~25°C for 6.5 h. The remaining portions of the above stock solutions were left in
refrigerator below 10°C, which can use as comparison samples. The Short-term stability of the stock
solution of Raltegravir and Metronidazole in methanol was measured by comparing the mean of the
responses of six replicates of the stability samples with that of the six replicates of the comparison
samples. After keeping for 6.5 h at a room temperature of ~ 25°C, the percent stabilities were found to be
be 99.7 and 96.2 % for Raltegravir and Metronidazole respectively.
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Long-term stability: Stock solutions (Img mL™) of Raltegravir and Metronidazole were prepared freshly
in methanol and stored below 10°C in a refrigerator for 9 days. After recommended period of storage both
drug and internal standard solution allowed to reach room temperature and samples with appropriate
dilution were prepared. The long-term stock solution stability of Raltegravir and Metronidazole in
methanol was determined by comparing the mean responses of six replicates of the stability samples with
that of six replicates of comparison samples. After keeping for 9 days, the percent stabilities obtained were
95.7 % and 97.8 % respectively for Raltegravir and Metronidazole.

Stability of Drugs in Biological Matrix

Freeze-thaw stability: The Freeze-thaw stability of Raltegravir in human plasma was determined by
measuring the assay precision and accuracy of the LQC and HQC samples over three freeze thaw cycles
along with six replicates of the freshly spiked (FS) quality control samples (Comparison samples) at low
and high concentration levels (known from a freshly prepared calibration curve). After completion of each
cycle the samples were analyzed and the results were compared with that of zero cycle. The percent
stability at low and high quality control concentration levels were calculated by comparing the mean of the
concentrations of stability samples with the comparison samples. The Freeze-thaw stability values for the
calibration curve standards of Raltegravir in plasma after 3 FT cycles were 96.8 % and 95.2 % at low and
high concentrations respectively. All the stability results were found within the acceptable limit.

Bench top stability: The bench top stability of Raltegravir in human plasma was determined at 25°C for
9.0 h by comparing the ratio of means of the concentrations for LQC and HQC. Six replicates of the
freshly prepared quality control samples (Comparison samples) at low and high QC concentration levels
(known from a freshly prepared calibration curve) were analyzed. The percent stability at low and high QC
concentration levels was calculated by comparing the mean of the concentrations of the stability samples
with that of the comparison samples. The Bench top stability values of Raltegravir in plasma after 9.00 hrs
were 98.7 % and 101.4 % at low and high concentrations respectively.

In-injector stability or wet extract stability: In-injector stability of RALTEGRAVIR in plasma was
estimated by storing the processed QC samples (Stability samples) for 48.00 h at 10°C in the auto sampler
and then analyzing them along with six replicates of freshly prepared quality control samples (Comparison
samples) at low and high concentration levels (known from a freshly prepared calibration curve). The
percent In-injector stability was calculated from the mean of the concentrations of stability samples stored
at 10°C for 48.00 h in the auto sampler and the mean of the comparison samples. The In-injector stability
values of Raltegravir in human plasma after 48.00 h were 97.1% and 107.2% at low and high
concentrations respectively.

Dry Extract stability: The stability of the extracted and dried samples of RALTEGRAVIR from plasma
(without reconstitution), was measured using stored replicates (six) of the dried stability samples at < 10°C
for 32 h, by analyzing after appropriate reconstitution along with six replicates of freshly prepared quality
control samples (Comparison samples) at low and high concentration levels (known from a freshly
computed calibration curve). The percent stability is the mean concentrations of QC samples stored below
10°C for 32 h and that of the comparison samples. The dry extract stability values of RALTEGRAVIR at a
temperature below 10°C for 32 h were 93.2% and 95.1% at low and high concentrations respectively.

Long-term stability in plasma matrix: For finding out the long-term stability of RALTEGRAVIR in
human plasma the stability samples were stored at a temperature of -70°C for 9.00 days. Then they were
analyzed along with six replicates of the freshly prepared quality control samples (Comparison samples) at
low and high concentration levels. The low and high concentration levels were read from the calibration
curve. The quality control samples and the calibration curve standards were prepared by spiking the freshly
prepared drug dilutions in screened blank plasma. The percent stabilities at low and high QC concentration
levels were calculated by using the mean of the concentrations of the stability samples and the mean of the
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comparison samples. The long-term stability values obtained for RALTEGRAVIR in human EDTA
plasma at a temperature of -70°C for 9.00 days were 105.7% and 99.7% at low and high concentrations
respectively.

Dilution Integrity: To determine the influence of dilution on the integrity of samples, six aliquots of
8007.8 ng mL™ of Raltegravir were prepared. The samples were subjected to two fold and four fold
dilution (n = 6) with drug free human plasma to bring them within the calibration range. The samples were
processed, analyzed and the concentrations obtained were compared with theoretical values. The precision
for dilution integrity of Raltegravir at 25 and 50 percent dilution were found to be 4.0% and 3.1%
respectively. The accuracy for dilution integrity of Raltegravir at 25 and 50 percent dilution were found to
be 99.2% and 101.0% respectively. The summary of the results of validation parameters were presented in
table 3.

Table-3. Summary of the validation parameters

PARAMETERS RESULTS

Screening of No significant interfering peaks were observed at the retention time of analyte
plasma lots and specificity| (RALTEGRAVIR) and Internal standard (IS; Metronidazole).

Calibration range: 40.0-4003.9 ng/mL; Accuracy: 95.9-106.2

Calibration Curve %NominalPrecision: 3.4-11.5 %CV Correlation coefficient (r): 0.9879-
0.9999

RALTEGRAVIR: Mean of % Recovery-78.71, % CV for % Recovery — 1.5

Recovery Metronidazole (I1S): % Recovery- 73.20
- Within-batch (LLOQ QC): 4.9t08.8  LQC, MQC & HQC: 2.7t0 7.7
0
Precision (%CV) Between-batch (LLOQ QC): 6.5 LQC, MQC & HQC: 4.9 t0 6.8
Accuracy Within-batch (LLOQ QC): 98.23-105.3 L, M & HQC: 94.3 - 106.0
(% Nominal Conc.) Between-batch (LLOQ QC): 102.1 L, M & HQC: 97.2t0 103.1

RALTEGRAVIR Percent stability: 99.7%

Short term stock solution Metronidazole (IS) Percent stability: 96.2%

stability (6.5 hrs)

RALTEGRAVIR Percent stability: 95.7%
Long term stock solution | Metronidazole (IS) Percent stability:  97.8%
stability (9.00 Days)

Freeze — Thaw % Nominal: 101.3-107.1 % CV:16-4.38
Stability (3 Cycles) Percent stability: At LQC Level: 96.8 At HQC Level: 95.2
Bench top stability % Nominal:  100.7 —104.1 % CV:2.7-3.9

(9.00 hrs) Percent stability: At LQC Level: 98.7 At HQC Level: 101.4

In injector stability % Nominal: 97.9-107.0 % CV:18-7.6
(48.00 hrs) Percent stability: At LQC Level: 97.1 At HQC Level: 107.2%
Dry extract stability % Nominal: 94.9-108.7 % CV:3.8-6.1

(32.00 hrs) Percent stability: At LQC Level: 93.2 At HQC Level: 95.1
Long term stability in % Nominal: 97.8-108.7 % CV:4.1-8.7

plasma (9 days at-70°C) Percent stability: At LQC Level: 105.7 At HQC Level: 99.7

Dilution Integrity At 50% dilution: Precision: 3.1 %CV Accuracy: 101.0 %Nominal
At 25% dilution: Precision: 4.0 %CV Accuracy: 99.2 %Nominal
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CONCLUSIONS

A HPLC method was developed and validated for the determination of Raltegravir in human plasma. The
extraction process was a simple LLE procedure using methyl-t-butyl ether. This assay requires only a
small volume of plasma (200 pL). There is no carryover effect. Matrix effects are not observed. In
conclusion, method validation following FDA guideline indicated that the developed method had high
sensitivity with an LLOQ of approximately 40.0 ng mL™, acceptable recovery, stability, specificity and
excellent efficiency with a total running time of 9.0 min per sample, which is significantly economical
when compared to the cost of LC-MS/MS analysis.
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