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ABSTRACT

Nevirapine is a non—nucleoside Reverse Transcrptabibitor, antiviral agent. A simple, selectiand sensitive
high performance liquid chromatography method fbe tdetermination of Nevirapine in human plasma was
developed. Dicloxacillin was used as an internahsiard. The method utilizes simple protein preaipn as the
sample preparation technique using acetonitrilepescipitating agent. The samples were analyzed igh $il C18

HS column with the mobile phase containing mixtfrenethanol: phosphate buffer 0.01M (pH 3.0, adidswith
glacial acetic acid) (70: 30% v/v). The calibratimurve was linear @0.99) through the range of 0.2-L@ml.
The lower limit of quantification was found to b2 @g/ml. % R.S.D. was less than 4% for intra- and ritay
precision. The mean recovery was found to be 96.&fi%levirapine. Nevirapine in plasma samples wabls
when tested for parameters as per EMEA and US CD&Relines. The method showed acceptable values for
accuracy, precision, recovery, sensitivity and 8iigb The method is well suited for routine anadysf Nevirapine

in human plasma and can further be extended forrphaokinetic studies.
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INTRODUCTION

Nevirapine 11-Cyclopropyl-5, 11-dihydro—4—methy#-8ipyrido[3,2-b:2',3-€]-[1,4]diazepin—-6—0ne is a non-
nucleoside reverse transcriptase inhibitor (NNR@iged to treat HIV-linfection and AIDS. A single dosf
Nevirapine given to both mother and child redudeel tate of HIV transmission by almost 50%. Mechanif
action is that, NNRTIs exhibit a classical noncotitpe inhibition pattern with the enzyme. Nevirag is readily
absorbed after oral administration with a peakmpkgsoncentration at 4 hr. Cmax for Nevirapine Big/ml. The
concentration of the drug in the CNS is 45% of thgilasma. It crosses the placenta and has beeatee in breast
milk. Nevirapine undergoes extensive metabolisnthim liver mainly by the cytochrome P450 isoenzymokthe
CYP3A family. It is excreted via urine as the gltmide conjugates of the hydroxylated metabolifdse drug is
widely distributed in body tissues and the CNS2[[1,

Several methods are reported to determine the &fgwe in biological fluids by using LC-ESI-MS/MS], two-
dimensional LC-MS/Md4], tandem mass spectrometry metHdfl ion-pair reversed-phase high-performance
liquid chromatography with ultraviolet detectif§j, HPLC with UV detectioj7-10]. Few methods have also been
reported to determine the levels of Nevirapine iaoldgical fluids in combination with lopinavir, zidudine,
amivuding11, 12].

LC-ESI-MS/MS, tandem mass spectrometry methodslaveloped for the determination of Nevirapine immiaun
plasma. However, the methods are expensive andftiiermay not be employed for routine analysis.rétae
many HPLC UV methods available for the determinmatid Nevirapine in human plasma but methods dewslop
but suffer from drawbacks viz.
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i) Complex mobile phase
i) Tedious, complicated extraction procedure whintiudes evaporation to dryness under helium &G0
iii) Many additional washing steps are requiredviare time is required for plasma sample preparation

The present method describes a simple, selectibsansitive HPLC method with UV detection withadiloration
range of 0.2-1.2g/ml for Nevirapine in human plasma. The methotizets simple, rapid protein precipitation with
acetonitrile as the sample preparation techniqueo®acillin was used as an internal standard. $tnectures for

Nevirapine and IS are described in Figure 1.Theilagihase consists of Methanol: Phosphate buffet(@) pH 3
(70:30v/v) which is easy to prepare. The methodieesn validated as per the Guidelines for EMEA @SdCDER

[13, 14].
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Figure 1: Structure of Nevirapine (A) and Dicloxacllin (B)

EXPERIMENTAL SECTION

Instruments:

Chromatographic separation was performed on a Jdsoonatographic system equipped with a Jasco HRGp
Model PU2080 plus, Jasco UV-2075 plus detector oliee injector with 50l loop volume and Elga water system
for HPLC grade water.

Chemicals and Reagent:

Nevirapine working standard was kindly suppliedBbyicure Pharmaceuticals Ltd, Bhosari, Pune and Kacitlin
(IS) by Maxim Pharmaceuticals, Pune. The drugs wesed as such without further purification. AR grad
methanol, dihydrogen orthophosphate, acetonitglacial acetic acid were purchased from S. D.fiheraical
Laboratories, Mumbai, India.

General procedure:
The chromatographic parameters were given below
Chromatographic conditions-

Mobile Phase-Methanol: Phosphate buffer 0.01M (pH-3.0 adjustét glacial acetic acid) (70:30 v/v)
Flow rate -1.0 mL min*

Injection volume- 50 pl

Detection wavelength-227 nm

Column- HiQ sil C18 HS column

Internal Standard- Dicloxacillin

Sample preparation:

Stock solutions for Nevirapine and Internal stadd@df) were prepared by separately dissolving irthangol, to
obtain a concentration of 1 mg/ml. Working solutfon Nevirapine was prepared by diluting suitabigtwnethanol
to get the concentration of 0.2-1u@/ml. The stock solutions were stored &tGt Working solution for IS was
prepared by diluting suitably stock solution of#h methanol to get the concentration of &ml.

Q.C. (Quality Control) samples for Nevirapine werepared at concentration levels so as to gei00640.8ug/ml.

Spiked plasma was prepared by taking 4.5ml plaSmi@&ml solution of Nevirapine (4, 6,/8/ml)and 0.25 ml stock
solution of 1S(50ug/ml) were added. The contents of the tubes wereexed for 1 min. 1ml of this spiked plasma
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was taken, 1ml of Acetonitrile as precipitating aigevere added, vortexed for 2min. It was centriflider 10
minutes at 2500 rpm. After centrifugation, 50 jidjabts of each concentration were injected intoHR&.C system

The calibration curve for Nevirapine was obtainethg six calibration standard levels (0.2, 0.4, 0.8, 1.0, 1.2
ug/ml). Linear regression analysis was done, conisigeghe ratio of the peak area of analyte to imaistandard
versus concentration applied. A correlation coedfic of more than 0.99 was obtained for calibratiarve.

VALIDATION
The method was validated as per EMEA and US CDE@&etjoes.

Selectivity:

Selectivity is the ability of an analytical methtm differentiate and quantify the analytes in tmesence of other
components in the sample. The selectivity of thehow was evaluated by analyzing pooled plasma ssmpl
obtained from different sources spiked at LLOQ (leowimit of Quantification — 0.2xg/ml in plasma).

Calibration/standard curve:

Linearity was tested for the range of concentratior2-1.2ug/ml. Each sample in five replicates was analyzsdl a
peak areas were recorded. The response factoaébr @mncentration was calculated by taking ratipek area of
Nevirapine and IS. The response factors were thetted against the corresponding concentrationsbtain the
calibration graphs.

Accuracy, precision and lower limit of quantification:

The accuracy and precision of the method were ateduusing the Q.C. samples. Intra-day accuracypegision
was measured by consecutively analyzing Q.C. saripl®ne single day. The procedure was repeatethfee
different days to test the inter-day accuracy amatipion. Accuracy was calculated as percentageracg, whereas
precision was measured in terms of relative stahgaecision (R.S.D.) of each calculated concemmatLower
limit of quantification (LLOQ) was found to be Ou@/ml, since the response obtained was five timegdbkponse
compared to blank.

Recovery:

Recovery for Nevirapine was evaluated at three eomation levels corresponding to three routine .@&nples
(0.4, 0.6, 0.8ug/ml) analyzed in triplicate. Recovery was detemdirby comparing the ratio of the peak area of
Nevirapine obtained after the application of th@gassed plasma calibration samples with those \athiby
working standard solution in the methanol.

Stability:

As per EMEA and US CDER guidelines, stability wasaked under different conditions viz.
1. Freeze- thaw stability

2. Short term stability

3. long term stability

4. Stock solution stability

5. Post preparative stability

Freeze-thaw stability of Nevirapine was determifiydassaying low and high Q.C. samples (0.4, @#8nl) in
triplicate over three freeze-thaw cycles. Firsefrethaw cycle consisted of 24 hrs freezing &iG3ollowed by a
complete thaw at a room temperature. The next teeze-thaw cycles were of 12 hrs each frozen siatg C
followed by a complete thaw at a room temperat8tart term stability consisted of two Q.C. samsed for 4
hrs at room temperature and long term stabilitpined storage of two Q.C. samples for 14 days’a.47or stock
solution stability, the stock solutions of the drargd IS were stored for period of 5 days in refiager at 4 C and
then for 6 hrs at room temperature. Post preparatiability, where stability of the spiked sampi@s0.6ug/ml of
Nevirapine and gg/ml of IS were determined after the storage farbat room temperature. All these Q.C. samples
were then evaluated in triplicate and the resulesewcompared with the freshly prepared samplesaaies
concentrations.

RESULTS
Chromatographic characteristics:
Retention times for Nevirapine and IS were 5.1 @riin, respectively. Representative chromatografrtdank

human plasma, human plasma spiked with Neviragdn@g/ml) and spiked with Nevirapine (Qug/ml) with IS
(5ug/ml) are shown in Figure 2, 3 and 4 respectively.
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Figure 2: Typical chromatogram of blank human plasna
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Figure 3: Typical chromatogram of blank human plasna spiked with Nevirapine (0.§g/ml)
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Figure 4: Typical chromatogram of blank human plasna spiked with Nevirapine (0.§g/ml) and IS (5pg/ml)
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Selectivity:

The selectivity of the method was evaluated by yaad) pooled plasma samples obtained from diffesentrces
spiked at LLOQ (0.2g/ml) in which no interference by endogenous conepio®m was noted. % RSD (Relative
standard deviation) for 6 replicates spiked at LL®&} found to be 0.79%.

Calibration/standard curve:
The data for linearity studies was found to be figsd by linear equation y = mx + ¢ in the rargfeconcentration
0.2- 1.21g/ml. With correlation coefficient 0.9988, a medwope of 1.3136, mean y-intercept of 0.1787.

Accuracy, precision and lower limit of quantification:

The method showed good accuracy and precisionaisnm samples. Table 1 shows the results for iatrd-inter-
day precision and accuracy for Nevirapine in plasamaples. Intra- and inter-day (%R.S.D.) precisiwage 3.08 +
0.32 and 2.78 + 0.40 respectively. Intra- and Hai@y accuracies were 98.79+ 0.088 and 98.42 + i@8§2ectively.
LLOQ was found to be Op@y/ml.

Table 1: Intra-day, Inter-day precision and Accurag of in human plasma Q.C samples

Theoretical (ug/ml) (me;t:nsg?:r\:leg SD) Precision (%R.S.D.)  Accuracy (%)
Intra-day
0.4 0.3967 +£0.012 3.18 99.35
0.6 0.596 +0.019 3.34 99.56
0.8 0.7983 £ 0.021 2.71 97.45
Average 3.08£0.32 98.79 +0.088
Inter-day
04 0.3916+ 0.011 2.80 97.90
0.6 0.5873 + 0.0186 3.18 97.88
0.8 0.7960 + 0.0188 2.37 99.5
Average 2.78+0.40 98.42+ 0.92

% R.S.D. = SD/mean x 100, accuracy = observed/gtaal x 100
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Recovery:

Table 2 shows the results of the recovery teststHerthree Q.C. levels tested (0.4, 0.6, and @&nl). The
extraction recovery in plasma samples ranged frdmi®to 97.47 % for Nevirapine at three concerdratevels.
The mean recovery for Nevirapine was found to h&®€6

Table 2: Recovery of Nevirapine in human plasma Q.Csamples

QC Levelsg/ml) | % R.S.D. | Recovery (%)
0.4

. 1.82 94.70

0.6 1.73 97.47

0.8 1.63 97.33
Average 1.72 96.50%

% R.S.D. = SD/mean x 100

Stability:

Plasma Q.C. at two concentrations (0.4 and@#®nl) was used for freeze-thaw. Short term, lomgntstability
studies and stock solution stability were perfornadhree concentrations (0.4, 0.6, @#8nl).Post preparative
stability was performed for the drug (Qu§/ml) and IS (25ug/ml). It was performed to evaluate the influenée o
storage conditions from the sample collection talgsis. Table 3 represents the results of stalslitylies. Results
indicated that Nevirapine is stable in human plagonaghe given stability conditions. The deviatiohthe mean test
responses to the freshly prepared solutions washes 5% at any of the stability conditions.

Table 3: Stability of Nevirapine in human plasma QC. samples

Stability Conc. (ug/ml) | Mean Stability (%) | % R.S.D.
Freeze thaw stability 0.4 98.23 4.36
(three cycles) 0.8 99.68 2.14
Short term stability 0.4 98.49 1.95
(for 4h at RT) 0.6 98.45 1.68
0.8 98.72 0.95
. 0.4 96.88 2.02
I&g?gléeér:yztg?gg 0.6 98.84 1.72
0.8 99.74 1.13
Stock solution stability 0.4 97.21 216
(for 11 days) 0.6 97.88 1.75
0.8 98.15 1.19
. - 0.6 98.10 1.90

)

Post preparative stability (for 4hrs at RF) 5 (1S) 97.90 146
Acceptance Criteria 85-115% <15%

% RSD = SD/mean x 100, RT (room temperature).
DISCUSSION

Most published methods to quantify Nevirapine indpdluids use tedious extraction, purification stepnd
sometimes evaporation to dryness under helium &C30n this study, rapid and sensitive HPLC methad been
developed for the determination of Nevirapine inmiam plasma by simple protein precipitation extracti
technique. Validation results proved that the depet method performs well with selectivity, preaisiaccuracy,
stability and linearity for the concentration rangfeNevirapine expected to be found in human plasfiter oral
administration of 200-400mg dose. The validatedhmgtcovers the wide range of linearity over 0.2-dg/ml and
is therefore suitable for the determination of Mapine in human plasma at different therapeutiedesels. The
mean recovery of Nevirapine was found to be 96.50%e resolution between Nevirapine and endogenous
substances was satisfactory. The proposed methoHecased for therapeutic drug monitoring in orteoptimize
drug dosage on an individual basis. The developethod is able to measure concentration of Neviepm
monitor drug concentration in body fluid, determiioa of drug level in plasma for dose regulationdan
bioavailability.
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