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ABSTRACT
Background: Zidovudine, as monotherapy or in combination with other antiretroviral agents, remains a first-choice therapy for the prophylaxis of mother-to-child HIV transmission. Since sufficient bioanalytical methods have not been reported officially for the quantitative
estimation of zidovudine, there is necessity for investigation of new analytical method for quantitative estimation of zidovudine in human
plasma. Objective: An isocratic, simple, precise and accurate HPLC-UV method was developed and validated for determination of zidovudine
in human plasma using nevirapine as an internal standard to support anti-retroviral pharmacology programs. Materials and methods: The
extraction process involved a liquid-liquid extraction and were chromtographed on a Phenomenex C18 (250×4.6 mm i.d., 5 µm particle size)
column at ambient temperature using a mobile phase consisting of methanol and 0.1% orthophosphoric acid (40:60 %v/v), the flow rate of 1.0
mL/min and UV detection at 265 nm. The method was found to be specific for AZT and no endogenous biological substances were found to
be interfering with peaks of drug and internal standard. Results: The method showed good linearity in the range of of 81.70-5263.55 ng/mL and
correlation of coefficient (r2) was found to be 0.99784. The day co-efficient of variations was 0.37-4.95%. The overall recovery for AZT was
found to be 55.48 % respectively. Stability data revealed that the drugs were stable in plasma under various test conditions. Conclusion: The
proposed method was applicable for clinical therapeutic drug monitoring programs of AZT and useful in the determination of pharmacokinetic profile and bioequivalence studies of HIV research.
KEYWORDS: HPLC-UV, Human plasma, Zidovudine, Nevirapine, Liquid-liquid extraction.
1. INTRODUCTION
Zidovudine (AZT), is 1-(3-azido-2, 3-dideoxy-ß-D-erythropentofuranosyl)-5-methylpyrimidine-2,4-(1H,3H)-dione (Fig. 1), used
in antiretroviral medication to prevent and treat HIV/AIDS. Zidovudine
was one of the first 2',3'-dideoxynucleoside, belongs to reverse transcriptase inhibitors (NRTIs) class, inhibiting the human immunodeficiency virus (HIV) replication in vitro, by inhibiting the enzyme, viral
reverse transcriptase. Zidovudine also used to treat neurological diseases associated with HIV disease with some success, because it
readily crosses the blood-brain barrier. AZT has been also used in
association with improvements in neuro-developmental and growth
velocity in HIV-infected children. The use of zidovudine as a prophy-

laxis has also been suggested, but the value of this is questionable.
The combination of zidovudine with other agents, such as acyclovir
and interferon, called highly active antiretroviral therapy (HAART)
exhibited synergistic effect on the anti-HIV activity, with reduced
drug toxicity. Zidovudine was the first drug to be approved for treatment of HIV infection1. FDA approval of zidovudine for prevention of
HIV transmission from mothers to infants was granted in 19942.
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Figure 1. Chemical structure of zidovudine
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The effectiveness of AZT in the treatment of HIV infection is due to
its selective affinity for HIV reverse transcriptase as opposed to human DNA polymerases. AZT use was a major breakthrough in AIDS
therapy in the 1990s that significantly altered the course of the illness
and helped to destroy the notion that HIV/AIDS was a death sentence3. Zidovudine is still widely used for antiretroviral therapy in
combination with other antiretroviral agents4. AZT is rapidly eliminated from the body by metabolic conjugation to the glucuronide
(about 75% of the dose) and by excretion of the unchanged drug in
the urine (about 20% of the dose). Only the unchanged drug is
thought to be the precursor of the active species, zidovudine triphosphate. The hematological toxicity of AZT, which has been found to
be both dose- dependent and reversible, is of serious concern. For
this reason it is likely that plasma concentration of AZT may, in the
future, be monitored in order to individualize drug dosage regimen5.
Nanotechnology applied to the development of new drug delivery
systems, has emerged as an effective means of targeting therapeutic
agents to various target sites and has created new alternatives for
AIDS treatment. Various analytical methodologies have been developed for the evaluation of this delivery system, both in vitro and in
vivo. Several studies have tested the safety of new antiretroviral drug
delivery systems in animal models also. Due to the corresponding
increase in preclinical studies, it is essential to develop and validate
analytical methods to quantify the antiretroviral drugs in biological
fluids6.
Literature survey revealed that various methods have been reported
for determination of AZT, in particular using chromatography7-13. High
performance liquid chromatography (HPLC) and Radioimmunoassay
(RIA) was developed to determine intracellular ZDV and anabolite
concentrations of 10 PBMC samples taken from HIV positive patients
on ZDV treatment14. New technique was developed on fluorescencebased detection i.e radiometric analysis to visualize zidovudine-incorporated DNA by click chemistry15. Other techniques such as micellar liquid chromatography16 and absorptive stripping voltammetry
analysis17, fluorescence derivatization method were used to quantify
the AZT18. Determination of Zidovudine with other Anti-retroviral
agents in biological fluids done by various extraction process have
been published, including solid-liquid extraction19, liquid-liquid extraction20, column switching21, deproteination22, FT-IR and UV23. A
new method has been reported using surface-enhanced Raman scattering (SERS) and density functional theory (DFT) based on the molecular electrostatic potential (MEP) and the selective Raman bands
enhancement24. Simultaneous estimation of AZT in biological fluids
and drug products using high performance thin layer chromatography (HPTLC)25, LC- ESI-MS/MS spectrometric method have been
reported26. Also, anion exchange solid phase extraction and liquid

chromatography–tandem mass spectroscopy27, and LC–APCI-MS–
MS methods have been reported for the detection of AZT and its
active forms in aquatic environments and in plasma28.
There is no article concerning individual, simple and cost effective
validated method in human plasma for AZT. So, the aim of present
study was to establish a validated method based on HPLC-UV that is
capable of analyzing AZT in both solution and human plasma in
order to facilitate routine pharmacokinetic and bioequivalence as well
as nanotechnology studies of AZT.
2. MATERIALS AND METHODS
2.1. Chemicals and Reagents
Pharmaceutical grade Zidovudine (Heterodrugs Ltd., Hyderabad, India, 99.5%) and Nevirapine as internal standard (Aurobindo Pharma
Ltd., Hyderabad, India, 99.6%) were used as working standards after
confirming their purity. Methanol and Methyl-t-butyl ether (HPLC
grade) were purchased from Merck Ltd., Mumbai, India. All the other
reagents used were analytical grade. The lyophilized human plasma
was purchased from Sri Laxmi Sai Clinicals, Hyderabad, India. Milli-Q
water was used throughout the study. Methanol: water (50:50 %v/v)
used as diluent in experimentation.
2.2. Equipment
The HPLC (Shimadzu, Japan) instrument was equipped with a model
binary LC 10ATVP pumps, SIL 10 ADVP Autosampler, CTO 10 AVP
column oven, a phenomenex C18 column (150 mm × 4.6 mm i.d, 5µm)
and an SPD 10AVP UV- VIS detector. All the components of the chromatographic system controlled using SCL-10AVP system controller.
Data acquisition was performed by using LC solutions ver. 1.23 SP 1
software.
2.3. Chromatographic conditions
The chromatographic analysis was performed at ambient temperature
on a Phenomenex C18 column. The mobile phase was prepared by a
mixture of methanol: orthophosphoric acid (40:60 % v/v) with a flow
rate of 1.0 mL/min was employed. The detector wavelength was set at
265 nm. The injection volume was 20 µL and the total run time was 10
min.
2.4. Preparation of standard & Quality control samples
Stock standard solutions of drug (1.15 mg/mL and internal standard
(IS) (1 mg/mL) were separately prepared in diluent and stored at below 10 °C. Working solutions were prepared by appropriate dilution
in diluent just before use. All solutions were stored in darkness at
4°C. Volumes of 25 µL of AZT working solutions and 25 µL of IS (50
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µg/mL) were added to 475 µL of drug-free human plasma to obtain
drug concentration levels of 81.70, 163.40, 480.59, 1029.83, 2059.65,
3089.48, 4119.30, and 5263.5 ng/mL. Similarly, quality control (QC)
samples were also prepared separately and pooled at three different
concentration levels (245.10, 2631.78, 3718.81 ng/mL) as low, medium,
high, respectively. The samples were stored in a freezer at -20 °C until
analysis.
2.4.2. Treatment of Plasma Samples
The stored plasma samples were thawed at room temperature before
processing. The plasma samples were centrifuged at 5000 rpm for 10
min. An aliquot (1.0 mL) was pipette into a 2.0 mL eppendorf micro
centrifuge tube and methyl-t-butyl ether (1 mL) was added and vortex
mixed for 2 min. The mixture was again centrifuged at 5000 rpm for 5
min. The supernatant layer was transferred into another tube, evaporated to dryness under nitrogen atmosphere at 40 °C and the dried
residue was reconstituted with 300 µL of mobile phase, vortexed thoroughly. Volume of 20 µL was injected into HPLC system.
2.5. Validation of the bioanalytical method
The method was validated by the determination of the following parameters: specificity, linearity, recovery, accuracy, precision, lower
limit of quantification (LLOQ) and stability studies according to the
currently accepted US food drug administration (FDA) bioanalytical
method validation guidance29.
1.5.1. Specificity and selectivity
Selectivity is the ability of an analytical method to differentiate the
analyte in presence of other components in the sample. Before the
preparation of the pooled calibration standards and QC samples, six
lots of blank plasma were screened for matrix effects or interferences.
The interference from individual blank plasma in the LC-UV chromatograms at the retention times of the studied drug and IS with or
without drug and IS was investigated to ensure the specificity of the
method.
2.5.2. Calibration curve
The calibration curves were constructed from a blank sample (a plasma
sample processed without IS), a zero sample (a plasma processed
with IS), and eight concentrations of the studied drugs including the
LLOQ, ranging from 81.70-5263.5 ng/mL of peak area ratios (PAR)
against the standard concentration and the linearity evaluated by
least squares regression analysis. PAR gives the following equation:
PAR = Slope × C + Intercept. The slope and the intercept are determined from the determined PAR and the nominal concentration of the
drug. The unknown AZT concentrations are determined from this
equation.

2.5.3. Precision and accuracy
The precision of the method based on intraday variability was determined by replicate analysis of the calibration standards in the same
day. The reproducibility was taken as the inter-day variability and
was determined by replicate analysis of the calibration standards in
different days with one replicate being analyzed each day. The percentage coefficient of variation values (%CV) were calculated from
the ratios of the standard deviation (SD) to the mean. The accuracy of
the analytical method describes the closeness of the mean test results obtained by the method to the true value of the analyte. The
evaluation of precision was based on the criteria that the deviation of
each concentration level should be within ± 15%, except for the LLOQ,
for which it should be within ± 20%. Similarly for accuracy, the mean
value should not deviate by ± 15% of the nominal concentration,
except the LLOQ, where it should not deviate by ±20 % of the nominal
concentration.
2.5.4. Lower limit of quantification (LLOQ)
Lowest standard concentration on the calibration curve should be
accepted as the limit of quantification if the following conditions are
met: the analyte response at the LLOQ should be at least five times
the response compares to blank response and analyte peak (response)
should be identifiable, discrete and reproducible with precision of 20
% and accuracy of 80-120%.
2.5.5. Recovery
Recovery from plasma was determined for QC samples (LQC, MQC
and HQC) of drug by comparing the peak area of each analyte after
extraction with the respective non-extracted standard solutions at
the same concentration. The percentage of the drug recovered from
the plasma samples was determined by comparing the peak area ratio
after extraction, with those of non-extracted sample containing same
concentrations of the drugs as in plasma.
2.5.6. Stability
The concentration of the studied drugs after each storage period was
related to the initial concentration as zero cycle (sample that were
prepared and processed immediately). The samples were considered
as stable if the standard deviation (expressed as percentage bias)
from the zero cycles was within ± 15%.

2.5.6.1. Freeze- thaw stability
The freeze-thaw stability of the studied drugs was determined at low
and high QC samples (n=6), over three freeze-thaw cycles stored at −
80 °C within 3 days. In each cycle, the frozen plasma samples were
thawed at room temperature for 2 h and refrozen for 24 h. After completion of each cycle the samples were analyzed and the results were
compared with that of zero cycle.
Journal of Pharmacy Research Vol.10 Issue 4 April 2016
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2.5.6.2. Bench top stability
The stability of the low and high unprocessed QC samples were
maintained at a temperature of 25° C for 9 h and the samples were
analyzed and the results were compared with that of zero cycle.
2.5.6.3. Long term- stability
The stability of the low and high QC samples was frozen at −20 °C for
15 days. The samples were analyzed and results were compared with
that of zero cycle.
2.5.6.4. In-injector stability
The stability of the low and high QC samples was stored at 4 °C for 48
h in the auto-sampler. The samples were analyzed and results were
compared with that of zero cycle.
3. RESULTS AND DISCUSSION
The developed HPLC method was optimized for the analysis of
zidovudine in human plasma. To obtain the best chromatographic
condition, different columns like C8, C18 of Agilent, Zorbax, Polaris
and Phenomenex were used. The run time of analysis was higher
when a longer reverse phase column (250 × 4.6 mm i.d,) was used. The
resolution between the peaks was decreased and peaks were not of
acceptable shape when the experiment was performed using a shorter
column (50 × 4.6 mm i.d,). However better resolution, less tailing and
high theoretical plates were obtained with Phenomenex column C18
(150 × 4.6 mm, 5 µm) column. and mobile phases composed of buffer
system like orthophosphoric acid, phosphate and acetate buffer with
different pH ranged from 3-7 and organic modifier like methanol and
acetonitrile were tested to provide sufficient selectivity and sensitivity in short separation time.. There was no interference in the drug
and the internal standard, from the extracted blank plasma. The peak
shape and symmetry were found to be good when the mobile phase
composition of methanol: orthophosphoric acid (40:60 v/v) was used
with better resolution of the drug and internal standard. The influence of both organic modifier (methanol) concentration and aqueous
portion was carefully studied. Increasing organic modifier concentration not only improves peak shape and decreasing the run time but
also decreasing method specificity due to the interference of the
zidovudine peak with endogenous biological substances. A mobile
phase containing aqueous portion greater than 85% led to very late
elution and poor peak shape for AZT with broad and unacceptable
asymmetry factor. Extraction methods were initially attempted using
protein precipitation technique. Organic solvents such as acetonitrile and/or methanol were used as reagents for protein precipitation30. Initial experiments of protein precipitation were done using 1:3
ratio of plasma: organic solvents. The recovery of the AZT was poor
while that of the internal standard was relatively unchanged as com-

pared with liquid-liquid extraction. Various solvents such as ethyl
acetate, diethyl ether, 100% methyl-t-butyl ether were used for extraction. The highest recovery from the plasma samples was obtained
with t-butyl methyl ether. The best chromatographic separation condition occurred on Phenomenex C18 column with a mobile phase consisting of 0.1% orthophosphoric acid (pH 3.5) - methanol (60:40, v/v)
at a flow rate of 1 mL/min and UV detection at 265 nm. The retention
time for extracted peaks of AZT and IS were 4.18 min and 8.25 min
respectively.
3.1. Selectivity
The selectivity of the present method was evaluated by analyzing the
blank plasma obtained from different blood donors. Six different lots
of blank plasma were chromatographed to check for endogenous
components which interfere with zidovudine and internal standard
(nevirapine). Each sample was eluted three times individually and
they found to be free of co-eluting peaks at the retention time range
of drug and internal standard. There was also a good resolution between the peaks of zidovudine and internal standard (Fig. 2 and 3).

Figure 2. Chromatogram of Blank plasma

Figure 3. Chromatogram of Plasma spiked samples with Zidovudine
and internal standard (Nevirapine)
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3.2. Linearity
The linearity of the method was determined by a weighted (1/X2 where
X is concentration) least square regression analysis of the standard
plots associated with the eight point standard curve for zidovudine.
The calibration curve was obtained by plotting chromatographic peak
area ratio (zidovudine/nevirapine) versus concentration of zidovudine.
The calibration line was linear in the range of 81.70 to 5263.55 ng/mL
of the drug (Table 1, Fig. 4). A straight-line fit made through the data
points showed a constant proportionality with minimal data scattering. The regression coefficient (r2) ranged from 0.99723 to 0.99907.
Table 1. Results of Regression analysis of the linearity data
Parameters

Zidovudine

Linearity range (ng/mL)
Quantification limit (ng/mL)
Number of experiments (n)
Slope
Intercept
Correlation coefficient (r²)

81.70-5263.55
81.7
6
0.00017
0.015825 ± 0.003
0.99784 ± 0.001

Linear calibration curve for Zidovudine using HPLC-UV
using Nevirapine as an Internal Standard Method

CV of AZT ranged 0.37 % and 1.4 to 4.1 % for both intra-day and
inter-day precisions respectively. The low values of % CV reflect the
precision of the assay method.
Accuracy of the method was determined by replicate analysis of six
sets of QC samples and comparing the difference between the spiked
value (nominal value) and that actually found. The accuracy was
expressed as the % of nominal concentration. The % nominal concentrations of AZT were ranged from 100.3 to 105.9 % and 100 to
106.34 % for intra-day and inter-day respectively. These high values
of the % nominal concentration reflect the accuracy of the assay
method.
Table 2. Intra-day and inter-day accuracy and precision of HPLC
assay
Concentration added (ng/mL)
245.1
2631.78
3718.81
Intra-day
Mean
SD
% CV
% RE
Accuracy %

249.42
0.92
0.37
1.7
101.76

2786.92
10.4
0.37
5.8
105.9

3730.4
13.88
0.37
0.3
100.31

248.65
5.54
5.54
1.4
101.45

2778.32
65.2
2.35
5.5
105.57

3719.08
154.8
4.16
0.007
100.01

Inter-day
Mean
SD
% CV
% RE
Accuracy %

Each mean value is the result of triplicate analysis

Figure 4. Calibration curve of Zidovudine
3.3. Carryover test
A critical issue with the analysis of many drugs is their tendency to
get adsorbed by reversed phase octadecyl-based chromatographic
packing materials, resulting in the carryover effect. However in this
analysis no quantifiable carryover effect was obtained when a series
of blank (plasma) solutions were injected immediately following the
highest calibration standard.
3.4. Precision and Accuracy
The precision and accuracy of the method were assessed by analyzing six replicate QC samples at low, medium and high concentration.
The intra-day and inter-day precisions were measured as the coefficient of variation (CV) expressed as percentage over the concentration. This is presented in (Table 2) for the intra-day and inter-day
precisions. The results indicated an acceptable precision for all concentration assayed for both intra-day and inter-day samples. The %

3.5. Recovery
The absolute recovery of the studied drug was determined by comparing the peak area ratio of the QC sample spiked in human plasma
and defined in three runs with those of extraction plasma sample with
known amount of analytes. The mean recovery of AZT from plasma
spiked samples, in terms of LQC, MQC and HQC levels were respectively, 60.7%, 56.2% and 49.5%. The overall recovery of AZT was
55.48%. Table 3, indicated the high ability of the proposed method to
recover the studied drug from human plasma.
Table 3 . Recovery studies of Zidovudine in Human plasma at three
concentrations (n = 6 )
Concentration % Recovery
(ng/mL)
(mean ± SD)

%CV

245.1
2631.78
3718.81

7.38
2.22
0.95

60.7 ± 4.48
56.2 ± 1.25
49.5 ± 0.47

3.6. Stability
Stability of the sample was determined in various phases of method.
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The stability includes freeze thawed stability, Bench top stability,
long-term stability, in-injector stability.
The stability of the studied drugs in human plasma was assessed by
analyzing six replicate QC samples at the low, and high concentration
levels at room temperature over 9 h (Bench top stability). The measured concentrations of the drugs in these QC samples kept at room
temperature for 9 h were compared with the corresponding QC sample
freshly prepared and proceed immediately. The results in Table 4
indicated that the studied drugs were stable for at least 9 h in human
plasma when stored at ambient temperature. On the other hand, QC
samples experiencing three freeze-thaw cycles (freeze-thaw stability)
were analyzed together. The results indicated that the stability of the
studied drug in human plasma over three freeze-thaw cycles. Also
the studied drug showed the long term-stability in human plasma
when stored at –20 °C for 15 days (where the whole samples were
frozen, thawed and completely analyzed) when compared with the
freshly prepared QC samples. The studied drug were also stable,
when stored at 4 °C for 48 h in the auto sample and compared with the
freshly prepared sample as in-injector stability. All the above stability
studies indicated that the samples in various phases were within the
acceptance limits.

technique was used small volume of plasma sample preparation for
rapid liquid-liquid extraction process without any contamination,
making it widely applicable for the HIV/AIDS clinical therapeutic drug
monitoring programs. The result of this study indicates that the method
would be applicable to toxicokinetic, pharmacokinetic, bioavailability
and bioequivalence studies. It can be concluded that the method is
suitable for the routine quantification of zidovudine in biological fluids.
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