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ABSTRACT

This review aims to provide an overview of the
quality standardization of specific antiviral active
pharmaceutical ingredients (APIs) using high-
performance liquid chromatography (HPLC). The
demand for effective antiviral drugs has grown
significantly due to the increasing prevalence of
viral diseases worldwide. To ensure the safety,
efficacy, and quality of these medications, it is
crucial to establish rigorous quality control
standards. High-performance liquid
chromatography (HPLC) has emerged as a
powerful analytical technique for the quality
assessment of antiviral APIs. The review discusses
the application of HPLC in the analysis of various
antiviral drugs, focusing on their identification,
quantification, and assessment of impurities.
Additionally, it explores the utilization of HPLC in
establishing the pharmacopoeial standards for these
APIs. The review encompasses a wide range of
antiviral drugs, including those used in the
treatment of HIV, hepatitis, influenza, and other
viral infections. It highlights the importance of
method validation, specificity, accuracy, precision,
and robustness in  HPLC-based quality
standardization. The discussion also touches upon
the role of HPLC in detecting and quantifying
potential impurities, degradation products, and
related substances, which can impact the safety and
efficacy of the final drug product. Furthermore, the
review emphasizes the need for harmonized
international standards in the quality control of
antiviral APIs to ensure consistency and reliability
across different manufacturers and regulatory
authorities. It provides insights into the challenges
and advancements in HPLC-based quality
standardization, including the development of
reference standards, analytical methods, and
validation procedures specific to antiviral drugs. In
conclusion, this review underscores the critical role

of HPLC in establishing quality control standards
for antiviral APIs. By highlighting the significance
of rigorous quality assessment and standardization,
it contributes to the overall safety and effectiveness
of antiviral drugs in the global healthcare

landscape.
Keywords: HPLC, Antiviral, Quality
Standardization, Active Pharmaceutical

Ingredients, Method Validation, Impurities,
Pharmaceutical Analysis, Pharmacopoeial
Standards

l. INTRODUCTION

Thesubstances include  degradation
products, synthetic impurities of drug substance,
and manufacturing process impurities from the
drug product.The presence of these unwanted
chemicals even in small amounts may influence the
efficacy and safety of the pharmaceutical products.
Impuritydefined by the ICH -Any component of the
medicinal product whichis not the chemical entity
defined as the active substance or an excipient in
the product.Various analytical methodologies were
employed for the determination of related
components in pharmaceuticals. There is a great
need for development of new analytical methods
for quality evaluation of new emerging drugs based
on their regulatory requirement for the
identification, qualification, and control of
impurities in drug substance and their formulated
products are being explicitly defined, through the
International  Conference on  Harmonization
(ICH)(Akkermans et al., 2020; Dudhrejiya et al.,
2022; Reilly et al., 2020).

However, organic impurities can result
either from the synthesis of the drug substance or
from degradation of the drug substance under
storage of the drug product. Organic impurities can
be starting materials, by-products, intermediates,
degradation products, reagents, ligands or

DOI: 10.35629/7781-0901101128

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 101



International Journal of Pharmaceutical Research and Applications

UPRA Journal

1 Volume 9, Issue 1 Jan-Feb 2024, pp: 101-128 www.ijprajournal.com

catalysts.ldentification of impurities is based on the
chemical reactions involved in the synthesis; any
materials used which could contribute impurities,
and any possible degradation products.Impurity
profiling includes the procedure aimed at the
detection, structure elucidation/identification and
the quantitative determination of these impurities.
Efforts are mainly focused on the profiling of the
organic impurities as the other possible groups,
such as inorganic impurities and residual solvents,
are easily identified and their toxicity is known.
The presence of organic impurities in a drug
substance is closely dependent on the process of
manufacture. A different route of synthesis will
tend to lead to a different IP(Shelekhova et al.,
2022; Wu et al., 2022; Zhao et al., 2023).

In pharmaceutical research and
development, IP is often decided by using high
performance liquid chromatography (HPLC), mass
spectrometry (MS) and nuclear magnetic resonance
(NMR) spectrometry. Direct coupling or multiple
hyphenation of these techniques along with the use
of modern software for spectral/ chromatographic
searching is a valuable tool for the detection of
impurities at trace levels. In case of volatile, but
thermally stable compounds gas chromatography
(GC) coupled with various detection systems still
plays an important role. Investigation of the
impurities in complex natural products by using
matrix-assisted laser desorption ionization-time of
flight (MALDI-TOF) MS has been proposed.
Capillary  electrophoresis and solid phase
microextraction/GC-MS  have  also  been
successfully used. Normally, more than one
analytical system is applied for the confirmation of
an IP(Almalawi et al., 2022; Pippalla et al., 2023;
Shchukin et al., 2022; Swarnkar et al., 2021,
Swarnkar and Maheshwari, 2021).

Isocratic and gradient reversed-phase
HPLC with ultraviolet-visible (UV-Vis) detection
remains the most suitable analytical procedure for
routine impurity testing. Baseline separation of all
the potential organic impurities and the active
substance should be performed. Better specificity is
established by using photodiode array detectors,
when the method is under development. In certain
applications ion pairing offers better peak
separation and post-column derivatization lowers
detection limits. GC and thin layer chromatography
(TLC) are often applied in the industrial quality
control (QC) laboratories for impurity testing. TLC
determinations have a semi-quantitative nature, but
allow the detection of impurities completely
retained or those not retained at all by the
stationary phase(Gaurav, 2022; Gautam et al.,

2023; Salar et al., 2023).

Inorganic impurities commonly arise from
the manufacturing process and are usually known
and identified. They include reagent, Ligands,
catalysts, heavy metals, and inorganic salts.The
common pharmacopoeial method for testing for
these types of impurities is called residue on
ignition.In  this  review, a comprehensive
information is explored on the critical role of
HPLC plays in the quality assessment and
standardization ~ of  active  pharmaceutical
ingredients (APIs) with antiviral properties. With
the increasing global demand for effective antiviral
drugs, the need for stringent quality control and
standardization is paramount. This manuscript
offers a rational and evidence-based approach to
addressing this pressing concern. HPLC is a
powerful analytical technique known for its
precision,  sensitivity, and  versatility in
pharmaceutical analysis. The review delves into the
rationale behind employing HPLC methods for
assessing the quality of APIs with antiviral activity.
It underscores the significance of ensuring the
safety, efficacy, and consistency of antiviral
medications, particularly in the context of emerging
viral diseases and pandemics(Giordani et al., 2020;
Pippalla et al., 2023; Stolarczyk et al., 2022;
Swarnkar et al., 2021).

Furthermore, the manuscript discusses the
challenges in standardizing antiviral APIs,
considering their complex chemical compositions
and the need for rigorous testing to identify and
quantify impurities. It emphasizes how HPLC-
based methods can address these challenges by
providing a robust means of characterizing and
quantifying active compounds, potential impurities,
and degradation products. The rationality of this
manuscript lies in its focus on bridging the gap
between the increasing demand for antiviral APIs
and the necessity for rigorous quality control. By
highlighting the various HPLC methodologies
available for quality assessment, this review equips
researchers, pharmaceutical companies, and
regulatory authorities with the knowledge needed
to ensure that antiviral medications meet
established quality standards. In essence, the
manuscript serves as a valuable resource for
promoting the rational development and
standardization of antiviral pharmaceuticals, which
is crucial in the global efforts to combat viral
infections effectively.
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1. REVIEW FINDINGS
1.1. Pharmaceutical impurity assessment

Pharmaceutical impurity testing,
identification and quantification are vital to address
the purity, safety and control over the quality of
drug substances or finished drug
products.Pharmaceutical inorganic impurities can
arise from several sources which include initial
materials and their contaminants, reagents,
catalysts, solvents, intermediates, excipients and
their contaminants, leachable and degradation
products. They can be organic impurities, process
and  drug-related, inorganic or elemental
impurities.Significantly, these impurities are often
present at very low levels in highly complex
sample matrices, and consequently, sensitive and
specific assay methods are required to determine
the levels of the impurity to collect the data
required to complete relevant risk
assessments(Dobo et al., 2022; MM et al., 2016;
Mdiller et al., 2006; Wichitnithad et al., 2023).

One of the concerns of the US FDA is
nitrosamine related impurities such as NDMA
which is the result of the manufacturing process.
The limits of inorganic impurities are set up due to
toxicity such as mercury, arsenic, hydrazine etc.
Organic impurities arise at the time of synthesis,
purification and storage of drug substance.
Primarily, it is process-related or drug-related
pharmaceutical impurities(Dey et al., 2019; Li et
al., 2019). Organic volatile impurities are residual
solvents that are produced during the synthesis of
drug substances or in excipients used in the
production of drug  formulations.Inorganic

impurities often derive from the manufacturing
process such as reagents, ligands, catalysts, heavy
or residual metals, inorganic salts, filter aids, or
charcoals. Inorganic contaminants can be detected
and quantified using pharmacopeial standards.The
impurities in pharmaceuticals remain with the
active pharmaceutical ingredients (APIs) or
develop during the formulation. The presence of
these unwanted chemicals even in trace amounts
may influence the efficacy and safety of
pharmaceutical products(Ashworth et al., 2023;
Dobo et al.,, 2022; Schmidtsdorff and Schmidt,
2019).

The raw material in pharmaceutical
manufacturing often has impurities which
eventually contaminate the final products thereby
affecting the efficacy and safety of the product.The
impurities such as reagents in the manufacturing
process like Anions, Chlorine, and Sulphur
Monoxide are common impurities in many
substances.The semi quantitative limit tests for
chloride is based on the formation of silver chloride
precipitation upon addition of silver nitrate reagent
to the aqueous solution of the sample to be tested
acidified with nitric acid. The turbidity of the
resulting solution is compared visually by
viewingagainst the black background with that of a
standard solution containing a known gquantity of
chloride(Elgendy et al.,, 2023; Sawale and
Dr.D.Umamaheshwari, 2020; Sharma et al., 2018;
Shingote et al., 2022).Different types of impurities
in the pharmaceuticals of active pharmaceutical
ingredients has been depicted in the Figure 1.
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Figure 1: Different types of impurities in the pharmaceuticals of active pharmaceutical ingredients.
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1.2. Effects of Impurities

Toxic impurities may be injurious when
present above a certain limit of the impurities such
as lead, heavy metal, arsenic. Impurities present in
traces may exert cumulative toxic effects after a
certain period. It may lower the active strength of
the substance and thus decreases its therapeutic
effect. Moreover, impurities can cause change in
physical and chemical properties of the substance.
It can also bring technical glitches or disturbance in
the formulation of the drug product. It can decrease
the shelf life of the substance. Impurities may cause
change in colour, taste and odour etc(Dongala et
al., 2020; Paulino et al., 2022; Sauer et al., 2020;
Thomas et al., 2022).

1.2.1. Residual Solvent, classification and risk
assessment

Residual solvent are solvents that are used
during the manufacturing process and may be
detected after the product is in its final form.Some
common solvents are benzene, chloroform, 1-4-
dioxane, methylene chloride and
trichloroethylene. The most common technique for
measuring residual solvents is gas chromatography
because of small size and volatile nature of solvent
molecules.The term "tolerable daily intake™ (TDI)
is used by the International Program onChemical
Safety (IPCS) to describe exposure limits of toxic
chemicals and "acceptable daily intake" (ADI) is
used by the World Health Organization (WHO) and
other national and international health authorities
and institutes. The new term "permitted daily
exposure" (PDE) is defined in the present guideline
as a pharmaceutically acceptable intake of residual
solvents to avoid confusion of differing values for
ADI's of the same substance(Council et al., 2019;
Custers et al., 2014; Nischwitz et al., 2021).

1.3. Analytical method validation

Method validation is the process used to
confirm that the analytical procedure employed for
a specific test is suitable for its intended use.
Results from method validation can be used to
judge the quality, reliability and consistency of
analytical results; it is an integral part of any good
analytical practice. Analytical methods need to be
validated or revalidated as before their introduction
into routine use, whenever the conditions change
for which the method has been validated (e.g., an
instrument with different characteristics or samples
with a different matrix), whenever the method is
changed and the change is outside the original
scope of the method.

The USP has published specific guidelines for
method validation for compound evaluation(Fan et
al., 2006; Li et al., 2019; “Rapid and Simultaneous
Analysis of Seven Oral Anti-Diabetic Drugs,”
2020).

1.3.1. Accuracy

The accuracy of an analytical procedure
expresses the closeness of agreement between the
value which is accepted either as a conventional
true value or an accepted reference value and the
value found. This is sometimes termed trueness.
The accuracy of an analytical method should be
established across its range. In the case of the assay
of a drug in a formulated product, accuracy may be
determined by application of the analytical method
to synthetic mixtures of the drug product
components to which known amount of analyte
have been added within the range of the method.
Minimum of test concentrations from 80% to 120%
are normally used, for establishment of accuracy in
assay of drug substance (or a finished product)(Fan
et al., 2006; Ranetti et al., 2009).

1.3.2.  Precision

The precision of an analytical procedure
expresses the closeness of agreement (degree of
scatter) between a series of measurements obtained
from multiple sampling of the same homogeneous
sample under the prescribed conditions. Precision
may be considered at three levels: repeatability,
intermediate precision and
reproducibility.Precision should be investigated
using homogeneous, authentic samples. However,
if it is not possible to obtain a homogeneous sample
it may be investigated using artificially prepared
samples or a sample solution. The precision of an
analytical procedure is usually expressed as the
variance, standard deviation or coefficient of
variation of a series of measurements(Dholakia et
al., 2019; Fan et al., 2006).

1.3.3. Reproducibility and specificity
Reproducibility expresses the precision
between laboratories (collaborative studies, usually
applied to standardization of
methodology).Reproducibility can be assessed by
means of an inter-laboratory trial. Reproducibility
should be considered in case of the standardization
of an analytical procedure, for instance, for
inclusion of procedures in pharmacopoeias.
Specificity is the ability to assess unequivocally the
analyte in the presence of components which may
be expected to be present. Typically, these might
include impurities, degradants, matrix, etc.to ensure
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the identity of an analytes based on purity tests to
ensure that all the analytical procedures performed
allow an accurate statement of the content of
impurities of an analyte, i.e. related substances test,
heavy metals, residual solvents content, etc. as well
as assayfor the analyteto provide an exact result
this allows an accurate statement on the content or
potency of the analyte in a sample.ICH document
state that when chromatographic procedure used,
representative chromatograms should be used to
demonstrate specificity and individual components
should be appropriately detected. Peak purity tests
may be wuseful to show that the analyte
chromatographic peak is not attributable to more
than one component (e.g., diode array, mass
spectrometry)(Fan et al., 2006; Liu et al., 2015;
Pippalla et al., 2023).

1.3.4. Determination of limit of detection and
limit of quantitation

The limit of detection of an individual
analytical procedure is the lowest amount of
analyte in a sample which can be detected but not
necessarily quantitated as an exact value. For
instrumental and non-instrumental  methods
detection limit is generally determined by the
analysis of samples of known concentration of
analyte and by establishing the minimum level at
which the analyte can be reliability detected.

The limit of detection (LOD) may be expressed as:
LOD=3.3 o/s
Where, o = the standard deviation of the response.

S = the slope of the calibration curve.

The slope S may be estimated from the calibration
curve of the analyte.

The limit of quantitation of an individual
analytical procedure is the lowest amount of
analyte in a sample which can be quantitatively
determined with suitable precision and accuracy.
The limit of quantitation is a parameter of
quantitative assays for low levels of compounds in
sample matrices, and is used particularly for the
determination of impurities and/or degradation
products.

For instrumental and non-instrumental
methods quantitation limit is generally determined
by the analysis of samples of known concentration
of analyte and by establishing the minimum level at
which the analyte can be quantified with acceptable
accuracy and precision(Dongala et al., 2020;
Pippalla et al., 2023; Ranetti et al., 2009; “Rapid
and Simultaneous Analysis of Seven Oral Anti-
Diabetic Drugs,” 2020).

The limit of quantitation (LOQ) may be expressed
as:

LOQ=100/s
Where, o = the standard deviation of the response.
S = the slope of the calibration curve.

1.3.5. Linearity and Range

The linearity of an analytical procedure is
its ability (within a given range) to obtain test
results which are directly proportional to the
concentration (amount) of analyte in the sample.
The range of an analytical procedure is the interval
between the upper and lower concentration
(amounts) of analyte in the sample (including these
concentrations) for which it has been demonstrated
that the analytical procedure has a suitable level of
precision, accuracy and linearity.For the
determination of linearity, a minimum of 5
concentrations is recommended. Linearity can be
determined by a series of sample whose
concentrations span 50-150% of the expected
concentration range. Linearity is evaluated by
graphically(Fan et al., 2006).

1.3.6. Ruggedness

Degree of reproducibility of test results
obtained by the same samples under a different
condition such as, different analysts, different
laboratories condition, different instrument etc.
normally expressed as the lack of influence on test
results of operational &environmental variables of
the analytical method. Ruggedness is a measure of
reproducibility of test results under the variation in
the condition normally expected from laboratory to
laboratory and from analyst to analyst. By analysis
of aliquots from homogenous lots in different
laboratory, by different instrument and using
operational and environmental condition that may
differ but still with the specified parameters of the
assay. Degree of reproducibility of test results is
then determined as a function of the assay variables
such as different operator in same laboratory,
different equipment in same laboratory, different
source of segment and solutionand different source
of column(Abhay, 2011; “Rapid and Simultaneous
Analysis of Seven Oral Anti-Diabetic Drugs,”
2020).

1.3.7. Robustness

The robustness of an analytical procedure
is a measure of its capacity to remain unaffected by
small, but deliberate variations in method
parameters and provides an indication of its
reliability during normal usage.The evaluation of
robustness should be considered during the
development  phase and depends on the type of
procedure under study. It should show the
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reliability of an analysis with respect to deliberate
variations in method parameters such as stability of
analytical solutions and extraction time. However,
in the case of liquid chromatography, examples of
typical variations areinfluence of variations of pH
in a mobile phase, influence of variations in mobile
phase composition, different columns (different
lots and/or suppliers) and temperature and flow
rate(Chhajed et al., 2023; “Rapid and Simultaneous
Analysis of Seven Oral Anti-Diabetic Drugs,”
2020).

1. HPLC BASED METHOD
VALIDATION ANALYSIS

Analytical method validation is an
essential component of pharmaceutical research
and development, as it ensures the accuracy,
reliability, and reproducibility of the data generated
by high-performance liquid chromatography
(HPLC) methods for the analysis of active
pharmaceutical ingredients (APIs). Validating an
HPLC method involves a comprehensive
evaluation of its performance under specific
conditions, and it is a critical step in the drug
development process. The validation process
begins with establishing the specificity of the
method. This involves confirming that the HPLC
method can accurately and selectively identify and
quantify the APl in the presence of potential
impurities, degradation products, and other
components of the sample matrix. The API's
identity and purity are essential for determining its
safety and efficacy in the final drug product(Bajpai
etal., 2017; Li et al., 2019).

Precision and accuracy are fundamental
parameters assessed during HPLC method
validation. Precision refers to the method's ability
to provide consistent and reproducible results when
repeated multiple times. This is determined through
intraday and interday precision studies, where the
same sample is analyzed multiple times within the
same day and on different days. Accurate results
ensure that the reported values are close to the true
concentration of the API.

Linearity and range assessment are vital
for determining the method's dynamic range.
Linearity verifies the relationship between the
API's concentration and the detector response,
ensuring that the method is applicable over a broad
range of concentrations. The range defines the
upper and lower limits of the method's
applicability(Chhajed et al., 2023; Dholakia et al.,
2019).

Sensitivity is evaluated by determining the

limit of detection (LOD) and limit of quantification
(LOQ). The LOD is the lowest concentration of the
APl that can be reliably detected but not
necessarily quantified. The LOQ, on the other
hand, is the lowest concentration at which the API
can be both detected and quantified with acceptable
precision and accuracy. Sensitivity studies help to
establish the method's ability to detect low
concentrations of the API(Abhay, 2011; Senocak et
al., 2022).

Robustness studies are conducted to assess
the method's reliability under variations in
operational and environmental conditions. These
variations may include changes in mobile phase
composition, flow rate, column temperature, and
pH. Robustness studies demonstrate that the
method is resilient and can provide consistent
results despite minor fluctuations in the analytical
conditions.Another critical aspect of method
validation is evaluating the stability-indicating
capacity of the HPLC method. This means that the
method can detect and separate the API from its
degradation products, which is crucial for
monitoring the API's stability over time and under
various storage conditions(Dholakia et al., 2019;
Dongala et al., 2020).

Finally, the validated HPLC method's
results are documented in a comprehensive report,
which typically includes a description of the
method, its validation parameters, and the
acceptance criteria used for evaluation. The report
provides evidence of the method's suitability for its
intended purpose and serves as a crucial reference
for regulatory submissions, ensuring the safety,
quality, and efficacy of pharmaceutical
products(Liu et al., 2015).

However, the validation of HPLC methods
for the analysis of active pharmaceutical
ingredients is a rigorous process that includes
assessing specificity, precision, accuracy, linearity,
range, sensitivity, robustness, and stability-
indicating capabilities. These evaluations ensure
that the HPLC method is reliable, accurate, and
capable of providing precise and reproducible
results, making it a critical tool in pharmaceutical
research and development(Chhajed et al., 2023; T.
S. and BABU, 2022)vw. The systematic
representation of HPLC method for qualitative and
quantitative analysis of sample has been depicted in
Figure 2 while the current perspectives in analysis
of some active pharmaceutical ingredients as anti-
viral drugs has been described in the Table 1.
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Figure 2: Systematic representation of HPLC method for qualitative and quantitative analysis of sample using

HPLC method.

Table 1: Reported methods to validate active pharmaceutical ingredients as anti-viral components using HPLC

method.
ﬁllo Drugs Method Description Reference
1. Ammonium  Dihydrogen
Mobile phase | Phosphate Buffer, pH 2.5:
Acetonitrile (55:45)
Col ODS Cyg (“A Validated RP-
Atazanavir | RP-HPLC olumn (150 mm X 4.6 mm, 5 1) | HPLC Method for
. the Simultaneous
Flow Rate 1.5 ml/min Estimation of
Atazanavir  and
Ritonavir in
Pharmaceutical
988 Dosage Forms,”
hmax nm 2016; Soundarya
et al, 2022
Srinivasu et al,,
2011)
2. : Buffer, pH 3.0:
Mobile phase Acetonitrile (80:20)
. ODS Cyg “ .
Atazanavir RP-HPLC Column (250 mm X 4.6 mm, 5y1) (“A Validated RP-
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Flow Rate 1.0 ml/min HPLC_Method for
the Simultaneous
Estimation of
Atazanavir  and
Ritonavir in
Amax 212 nm Pharmaceutical .
Dosage Forms,
2016;
Veerabhadram et
al., 2017)
3. . Phosphate Buffer pH 4.5:
- Mobile phase | A cetonitrile (700:300)
. Stability X-Terra RP1-Cgq
Atazanavir | Indicating Column (150 mm X 4.6 mm, 5um) | (Padmalatha et al.,
RP-HPLC 2010;
Flow Rate 1.0 ml/min Veerabhadram et
X al., 2017)
max 230 nm
4. Ammonium Acetate
Mobile phase | Buffer pH 4.0: Acetonitrile
(60:40)
Atazanavir RP-HPLC Col Zodiac Cg
Sulphate ofumn (250 mm X 4.6 mm, 5 um) | (Dey etal., 2017)
Flow Rate 1.0 ml/min
Amax 205 nm
. Methanol: Water (pH 3.5)
Mobile phase (900:100)
5 Atazanavir Stability Column Phenomenex Cyg (Bhirud and
" | Sulphate Indicating (250 mm X 4.6 mm, 5um) | Hiremath, 2013a)
RP-HPLC Flow Rate 0.5 ml/min
Amax 249 nm
6. Methanol Acetonitrile:
Mobile phase | Phosphate Buffer
(45:35:20) (Bandla et al.,
Atazanavir Stability Column Agilent Cyg 2015)
Sulphate indicating olu (250 mm X 25 mm, 5 pum)
RP-HPLC Flow Rate 1.0 ml/min
Amax 249 nm
7. : Phosphate Buffer, pH 3.0:
bil Mobile phase Methanol (55:45)
Stability -
Atazanavir indicating Column H%%e;iLiD4s 6Cé’1’m 51) (Bhirud and
Sulphate RP-HPLC : Rl Hiremath, 2013a)
Flow Rate 1.0 ml/min
Amax 248 nm
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8. Potassium Phosphate
Mobile phase | Buffer, pH 2.5:
Acetonitrile (40:60)
X-tera Cqg
Column (100 mm X 4.6 mm, 3.5 )
. (Behera et al.,
Atazanavir | RP-HPLC | Flow Rate 1.2 ml/min 2012; Gade et al.,
and and uv 2015)
Ritonavir Spectro- Amax 236 nm
photometry  "Jv/ Spectrophotometry
Wavelength:
247 nm was used for Atazanavir and 239 nm
was used for Ritonavir
Concentration Range:
6-30 pg/ml for Atazanavir and 2-10 pg/ml for
Ritonavir
Solvent: Methanol
9. . Phosphate Buffer pH 3.4:
Mobile phase Acetonitrile (50:50)
; Stability Lichrosphere C
Atazanavir 18
and indicating Column (250 mm X 4.6 mm, 5 ) | (Dey et al., 2017;
Ritonavir RP-HPLC | iow Rate 1.5 ml/min Supare et al,
2021)
Amax 250 nm
10. Sol-A: Phosphate Buffer (Mantripragada et
Sol-B: Acetonitrile al., 2018)
Time | Sol-A | Sol-B
(min)
0.01 75 25
. 5 60 40
_ Mobile phase 8 60 20
Atazanavir Related 10 55 45
and Impurities
X . 13 55 45
Ritonavir RP-HPLC 15 20 60
15.5 75 25
18 75 25
BEH Cyg
Column (100 mm X 2.1 mm, 1.7 p)
Flow Rate 0.4 ml/min
Amax 240 nm
11. . Phosphate Buffer pH 3.0: | (Gadhvi et al,
Mobile phase | A tonitrile (45:55) 2013)
Atazanavir Hypersil C
and RP-HPLC | Column o
Ritonavir (250 mm X 4.6 mm, 5 p)
Flow Rate 1.0 ml/min
Amax 254 nm
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12. . (Gade et al., 2015;
Mobile phase I\;IS'Fggnol Acetonitrile | ~oqhvi et al.,
Atazanavir (70:30) 2013)
an_d _ RP-HPLC Column Agilent Cyg
Ritonavir (250 mm 4.6 mm,5 pm)
Flow Rate 1.0 ml/min
Amax 238 nm
13. . Phosphate Buffer:
Mobile phase Acetonitrile (1:1)
Atazanavir Col Hypersil BDS Cyg
and RP-HPLC olumn (150 mm X 4.6 mm, 51) (Bhavyasri et al.,
Ritonavir Flow Rate 1.0ml/min 2015)
Amax 248 nm
14, . . . (Ganji and
Mobile phase | Methanol: Water (80:20) Satyavati, 2015)
Column Phenomenex Cig
Cobicistat RP-HPLC (100 mm X 4.6 mm, Sum)
Flow Rate 0.8 ml/min
Amax 249 nm
15. Mobile phase 0.1% OPA Buffer: | (Madhavi and
P Acetonitrile (45:55), Rani, 2016)
Col Inertsil BDS Cyg
Cobicistat | RP-HPLC olumn (250 mm X 4.6 mm, 5 um)
Flow Rate 1.0 ml/min
Amax 210 nm
16. Mobile phase Sodium Acetate Buffer, pH | (Bichala et al.,
P 4.5: Methanol (60:40) 2020)
Cobicistat Column ODS Cyg
and RP-HPLC u (250 mm X 4.6 mm, 5 um)
Darunavir Flow Rate 1.0ml/min
Amax 253 nm
17. 0.1%  Perchloric Acid | (M. V. S. S.
Cobicistat Mobile phase | Buffer: Acetonitrile | Nalini et al., 2016;
and (38:62) Rizwan et al,
Darunavir Stability Col BDS Cyg 2016; Sindu Priya
Indicating olumn (250 mm X 4.6 mm, 5 pm) | etal., 2016)
RP-HPLC | iow Rate 1.0 ml/min
Amax 211 nm
18. Acetonitrile: 0.1% Ortho
Mobile phase | Phosphoric Acid Buffer,
(70:30)
Cobicistat Stability BEH Cyg
and Indicating Column (100 mm X 21 mm, | (Dadi and
Darunavir UPLC 1.7um) Sowjanya, 2023;
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: Madhavi and
0.27 ml/ .
Flow Rate ml/min Rani, 2017)
Amax 242 nm
19. Mobile phase Acetonitrile: Phosphate gE(s).chh)ma et al,
P Buffer, pH 4.6 (45:55)
and RP-HPLC | column (250 mm X 4.6 mm, 5 pm)
Darunavir
Flow Rate 1.0 ml/min
Amax 255 nm
Acetonitrile : Water, pH | (Sankarshana and
Mobile phase | 3.2 Musthafa, 2017)
Cobicistat Stability (70:30)
and Indicating Kromosil C18
20. | Darunavir | RP-HPLC | Column (250 mm X 4.6 mm, 5 um)
Flow Rate 1.0 ml/min
Amax 289 nm
21. . 0.1 M NaH,PO,:Methanol | (M. V. S. S.
Mobile phase | 7431 Nalini et al,
Cobicistat Stability Column Phenomenex Cig 2016)
and Indicating olu (150 mm X 4.6 mm, 5 pm)
Darunavir RP-HPLC | Flow Rate 1.0 ml/min
Amax 260 nm
22. Mobile phase | Methanol: Phosphate | (Kumar et al.,
P Buffer, pH 3.3 (20:80) 2019)
Cobicistat
and RP-HPLC | Column 022(? Cis 46 5
Elvitegravir (250 mm X 4.6 mm, 5u)
Flow Rate 1.0 ml/min
Amax 254 nm
23. Sol-A: 0.1% TFA in water | (Gummaluri et al.,
Sol-B: Acetonitrile 2016; Jampala et
Time | Sol-A | Sol-B al., 2014)
(min)
Cobicistat, . 0-2 90 10
Emtricitabin Mobile phase 2.3 10 90
e Tenofovir 38 10 20
Disoproxil RP-HPLC 8-8.10 | 90 10
Fumarate 810- 190 10
and 10
Elvitegravir -
Column Atlantis Cig
(100 mm X 4.6 mm, 5 pm)
Flow Rate 1.0 ml/min
Amax 240 nm
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24, Acetonitrile: 0.1% Ortho
Cobicistat, Mobile phase | Phosphoric Acid Buffer, (Gummaluri et al.,
Emtricitabin (700:300) 2016; Jampala et
e Tenofovir | Stability Col Endoversilo C18 al., 2014)
Disoproxil Indicating olumn (50 mm X 2.1 nm, 1.8 ym)
Zﬁgwarate RP-UPLC Flow Rate 0.3 ml/min
Elvitegravir Amax 252 nm
25. . L (“METHOD
Mobile phase z%ﬁgg) Acetonitrile DEVELOPMENT
Atazanavir ' AND
and RP-HPLC Column Cis VALIDATION
Cobicistat (250 mm X 4.6 mm, 5 pm) | FOR THE
. SIMULTANEOU
Flow Rate 1.0 ml/min S ESTIMATION
OF COBICISTAT
AND
ATAZANAVIR
BY RP HPLC IN
PHARMACEUTI
Amax 240 nm CAL
FORMULATION
,” 2021; Venkata
Padmini and
Gowri Sankar,
2021)
26. Acetonitrile: 0.1% Ortho | (Veerabhadram et
Mobile phase | Phosphoric Acid Buffer, al., 2017)
(55:45)
Atazanavir HSS Cyg
and UPLC Column (100 mm X 2.1 mm, 1.8
Cobicistat pm)
Flow Rate 0.2 ml/min
Amax 254 nm
27. 0.01M  sodium acetate
. buffer,
Mobile phase pH 4.2: Methanol: | (Veerabhadram et
Atazanavir Stability Acetontrile (25:15:60) al., 2017)
and Indicating Column Phenomenex Cyg
Cobicistat | RP-HPLC olu (250 mm X 4.6 mm, 5 1)
Flow Rate 1.0 ml/min
Amax 235 nm
28. . Phosphate buffer, pH 7.0:
Mobile phase Methanol (30:70)
Atazanavir Col X-terra Cyg
and RP-HPLC ofumn (150 mm X 4.6 mm, 5 pm) | (M. Nalini et al,,
Cobicistat Flow Rate 0.8 ml/min 2016)
Amax 260 nm
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Sol-A: ammonium formate
buffer pH4.2
Sol-B: methanol
Time(mi | Sol- | Sol- )
Mobile phase n) A B (Pamgrahy and
0 95 5 Sunil Kumar
20 65 |35 Reddy,  2016),
29. Related 5 TR (Kokkirala  and
Emtricitabin | Dedradation Suryakala, 2019:
-HPLC 30 95 5 ) ’
e HiOSIl C Sahoo et al,
Column 1QSHl Cis 2023
(250 mm X 4.6 mm, Spm) )
FR 1.0 ml/min
Amax 280 nm
30. 10mM potassium
. dihydrogen phosphate
Mobile phase buffer pH 6.8: methanol-
Emtricitabin | RP-HPLC 2% acetic acid (73:25:2) (Ghode et al.
e Phenomenex C18 2022 Kapoor et
Column (250 mm X 4.6 MM, 55) | a1 2020 P
FR 1.0 ml/min
Amax 280 nm
31. methanol and water (80:20
Mobile phase ( )
Emtricitabin Shim-packCig (Raj :
Rajeswari et al.,
e ~and | RP-HPLC Column (250 mm X4.6 mm, 5p) 2022)
Ritonavir FR 1.0 ml/min
Amax 251 nm
32. Mobile phase | acetone:water (70:30)
- (Ghode et al.,
Sil 160 F
Emtricitabin | RP-HPTLC | | -C Plate Hlica gel 60 Fas. 2022)
¢ Amax 285 nm
Wavelength: 291 nm
Emtricitabin
33 | e uv Concentration: 1-10 pg/ml (Shelke et al,
Spectometer 2022)
Solvent: methanol
and 0.1N HCI (7:3)
34. Mobile phase Toluene ethylacetate (Bhirud and
P methanol (2:8:1) Hiremath, 2013b;
Emtricitabin | Stability- - Rathore et al,
e Indicating TLC plate Silica gel 60 Fys, 2012)
HPTLC Jmax 284 nm
35. Mobile phase Acetonitrile and Phosphate (Godela and
buffer PH 3.5 (80:20) Gummadi.  2021-
Tenofovir Column HypersilTM BDS Cy Haribabu et al.
and RP-HPLC (250 mm X 4.6 mm, Sum) 2021) v
lamivudine FR 1.2 ml/min
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Amax 260 nm
36. Sol-A:Ammonium acetate
Tenofovir buffer (pH6.0):70%THF
Stability- . +30%ACN (990:10)
Indicating Mobile phase Sol-B: Ammonium acetate
RP-HPLC buffer(pH6.0):70%THF (Attaluri et al.,
|+30%_'I°‘ggs(5goligoo)- 2021; Godela and
nertsi - Gummadi, 2021
Column (100 mm X 4.6 mm, Spum) )
FR 1.5 ml/min
Amax 260 nm
. Sol-A: 0.1% formic acid
Mobile phase . -
;‘I’Ell'_'B'Ci%eton'tr”e (Lamichhane et
37. . Stability- Column al., 2022; Saha et
Tenofovir 1| icating (50 mm X 1.0 mm, L.7um) | 4 2019)
LC-MS FR 0.6 ml/min
38. Sol-A: methanol
Sol-B: ammonium acetate
buffer at pH 4.5
Emtricitabin | HPLC . Time(mi | Sol- | Sol- (A et al., 2016;
e and Mobile phase | | ) A |B Devrukhakar et
Tenofovir,Ef 0-10 10 90 al., 2013; Nadig et
avirenz 10-22 65 35 al., 2013; Raju
22-25 10 90 and Begum, 2008;
Col Zorbax SB CN Cys Ramaswamy and
ofumn (250 mm X 4.6 mm, 5um) ZA(;%)G“&”& Dhas,
FR 1.5 ml/min
Amax 260 nm
. phosphate buffer pH 4.0
Mobile phase and methanol (70:30). )
Column Agilent TC-C18 (Attaluri et al.,
39. | Emtricitabin | Stability (250 mm X 4.6 mm, 5um) | 2021
s 3 Devrukhakar et
e and | Indicating FR 1.0ml/min al., 2013)
Tenofovir RP-HPLC v
Amax 261 nm
acetonitrile: phosphate
Mobile phase | buffer
(60:40) (Ghode et al.,
40 | Emtricitabin Column Phenomenex Luna C8 2022; Kokkirala
" | eand RP-HPLC (250 mm X 4.6 mm, 5um) | and  Suryakala,
Tenofovir FR 1.0 ml/min 2019)
Amax 260 nm
41, Ortho-phosphoric acid | (Abdul Sattar and
Mobile phase | BufferpH 2.5: Methanol. | Achanta, 2018;
Emtricitabin (30:70) Ramaswamy and
e and HPLC Column Inspire Cyg Arul Gnana Dhas,
Tenofovir (150 mm X 4.6 mm, 5um) | 2018)
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FR 1.0ml/min
Amax 272 nm
42, . .
o . 0.2% Triethylaminebuffer
Emtrlcnabuj N Mobile phase and methanol (40:60).
e, Tenofovir | Stability (Attaluri et al
and Indicating Column Octyldecylsilyl (ODS) C18 5021 Deenthi an'd'
Bictegravir | RP-HPLC (250 mm X 4.6 mm, Sum) | ¢ 20‘19)
FR 1.2 ml/min
Amax 260 nm
phosphate buffer: | (“A NOVEL
Mobile phase | acetonitrile VALIDATED
(40:60) ANALYTICAL
Column Zodiac C18 METHOD FOR
(250 mm X 4.6 mm, 5um) | SIMULTANEOU
FR 1.0 ml/min (SJFESTIMATION
EMTRICITABIN
E, TENOFOVIR
Emtricitabin DISOPROXIL
43. e Tenofovir FUMARATE
aﬁ q RP-HPLC AND
o RILPIVIRINE -
Rilpivirine HYDROCHLORI
Amax 262 nm DE BY RP-
HPLC,”  2022;
Panigrahy and
Sunil Kumar
Reddy, 2015;
Vijayai et al,
2019)
44, . 0.1% ortho phosphoric acid
Mobile phase Buffer: Acetonitrie (55:45)
Emtricitabin | Stability- Column Zodiac C18 (Attaluri et al.,
e, Tenofovir | Indicating (150 mm X 4.6 mm, 5um) | 2021; Singh and
and | RPHPLC | o 1.0 mi/min Divakar, 2019)
bictegravir
Amax 272 nm
Mobile phase 0.01N KH2PO4 buffer pH
Emtricitabi P 3.47 :Acetonitrie (58:42) (Attaluri et al.,
mtricitabin BDS Cyg 2021; Kokkirala
45, | e, Tenofovir Column 150 X 4.6 5
and RP-HPLC ( mm X 4.6 mm, um) | and Suryakala,
bictearavir FR 1.0 ml/min 2019)
g max 272 nm
. 0 H
46. Mobile phase x?éh?gg!ls.) 0.1% formic
Emtricitabin | LC-MS/MS Zorbaxé (Haaland et " al,
. Column 18 2023; Tanuja and
e, Tenofovir (150 mm X 4.6 mm, 5um) Ganapaty, 2022)
and FR 1.0 mi/mi P
bictegravir -0 miimin
47. Wavelength: 256,316,240 nm (Mishra et al,
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Emtricitabin | UV Concentration: 10-50 pg/ml 2020;
e, Tenofovir | Spectometer Ramaswamy and
and Solvent: 0.1 N NaOH Arul Gnana Dhas,
Efavirenz 2018)
48. . Phosphate Buffer, pH 4.0: | (Grace and
Mobile phase | A cetonitrile (50:50) Parthiban, 2022;
Symmetry Cyg Kapoor et al,
Ritonavir RP-HPLC Column (100 mm X 4.6 mm, 3.5 | 2020)
pm)
Flow Rate 1.0 ml/min
Amax 239 nm
49. bile oh Methanol: Acetonitrile | (Baje et al., 2019;
Mobile phase (20:80) Kumbhar et al.,
_ _ Symmetry Cis 2020; M and N,
Ritonavir RP-HPLC Column (250 mm X 4.6 mm, Spm) 2012)
Flow Rate 1.0 ml/min
Amax 210 nm
50. Sol-A: Phosphate Buffer: | (Koppala et al.,
Acetonitrile (80:20) 2015)
Sol-A:  Milli-Q  Water:
Acetonitrile (20:80)
Time Sol-B
(min)
Ritonavir Indicating 0.6 17
RP-UPLC 6 30
11 45
18 75
18.01 17
20 17
BEH Shield RP18
Column (100 mm X 2.1 mm,
1.7um)
Flow Rate 0.5 ml/min
Amax 240 nm
51. . Phosphate Buffer:
Mobile phase Acetonitrile (50:50)
X-TerraRP C (Grace and
; ; 3 Column ) 18 Parthiban, 2022;
Ritonavir RP-HPLC (100 mm X 4.6 mm, 3.5 p) Kapoor et al.
Flow Rate 1.0 ml/min 2020; Kumbhar et
al., 2020)
Amax 239 nm
Ritonavir .- .
. Methanol: Acetonitrile: | (Sathis Kumar et
52. | and _ | RP-HPLC | Mobile phase |\ o1 (35:41 5:23.5) al., 2015)
Valacyclovir
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Hydro- Agilent TC- Cyg
chloride Column (250 mm X 4.6 mm, S5um)
Flow Rate 1.3 ml/min
Amax 222 nm
53. Mobile phase Acetonitrile:  Ammonium | (Anuradha et al.,
b Acetate Buffer (85:15) 2023; Baje et al.,
Col HiQSiL Cyg 2019; Jitta et al.,
Ritonavir RP-HPLC ofumn (250 mm X 4.6 mm, 5 um) | 2022)
Flow Rate 1.0 ml/min
Amax 239 nm
54 Mobile phase | S00ium Acetate, pH 4.8: (Abhinandana.Pat
P Acetonitrile (55:45 v/v) | chala and
Ce Ramarao
Ritonavir RP-HPLC Column Nadendla, 2022;
(human (250 mm X 4.6 mm, 5 pm) Mardia et al,
plasma) Flow Rate 1.5 ml/min 2014)
Amax 212 nm
55. Potassium Phosphate | (Abhinandana.Pat
Mobile phase | Buffer, pH 2.5: | chala and
Acetonitrile (40:60) Ramarao
Col X-tera Cyg Nadendla, 2022;
Ritonavir RP-HPLC ofumn (100 mm X 4.6 mm, 3.5 1) | Choi et al., 2007;
and and ] Gade et al., 2015;
Atazanavir | UV Spectro- | Flow Rate 1.2 ml/min Venkatesh et al.,
photometry 2013)
Amax 236 nm
UV Spectrophotometry
Wavelength:
247 nm was used for Atazanavir and 239 nm
was used for Ritonavir
Concentration Range:
6-30 pg/ml for Atazanavir and
2-10 pg/ml for Ritonavir
Solvent: Methanol
56. Acetonitrile: Methanol: | (Gade et al., 2015,
Mobile phase | Tetrahydrofuran:  Buffer | 2014)
(175:100:100:625)
Ritonavir Stability Hypersil BDS Cy4
i?d _ indicating Column (150 mm X 4.6 mm, 5 pm)
tazanavir -
RP-HPLC Flow Rate 1.5 ml/min
Amax 250 nm
S7. : Phosphate Buffer, pH 3.0: | (Abhinandana.Pat
Mobile phase | A cotonitrile (45:55) chala and
Ritonavir Column Hypersil Cig Ramarao .
and RP-HPLC (250 mm X 4.6 mm, 5 H’) Nadendla, 2022,
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Atazanavir Flow Rate 1.0 ml/min Chinnaiah et al.,
2015;
Amax Venkateswara
254 nm Rao et al., 2016)
58. : : . (Deepthi et al.,
Mobile phase Methanc-)l. Water (65:35) 2019; Grace and
Column Kromosil Cyg Parthiban, 2022;
Lopinavir RP-HPLC (150 mm X 4.5 mm, Sum) | Indira et al., 2022;
Flow Rate 0.8 ml/min M and N, 2012;
“METHOD
Amax 265 nm DEVELOPMENT
— AND
59. Acetonitrile: Methanol:
Mobile phase | Phosphate buffer, pH 3 VALIDATION
(50:30:20) FOR THE
Lopinavir RP-HPLC S mm try C SIMULTANEOU
P Column ymmetry Cie S ESTIMATION
(150mmX4.6mm.51) | oF RITONAVIR,
Flow Rate 1.0 ml/min LOPINAVIR
AND
hmax 210 nm EFAVIRENZ BY
60. _ _ _ RP- HPLC,”
Mobile phase | Methanol: Water (65:35) 2022:  Namratha
Kromosil Cig and
L Column .. .
Lopinavir RP-HPLC (150 mm X 4.5 mm, 5um) | Vijayalakshmi,
; 2018; Rathnasamy
Flow Rate 0.8 ml/min ’
et al, 2018;
Amax 265 nm Varma et al,
o1 2012)
' Mobile phase Acetonitrile: phosphate
P buffer, pH 7.8 (85:15)
Lopinavir RP-HPLC Column Phenomenex Cyg
(250 mm X 4.6 mm, 5 pm)
Flow Rate 1.0 ml/min
Amax 215 nm
62. Mobile phase | Acetonitrile: Water (70:30)
Phenomenex Cig
L Column
Lopinavir RP-HPLC (250 mm X 4.6 mm, 5 pm) | (Anuradha et al.,
Flow Rate 1.0 ml/min 2023; M and N,
2012)
Amax 198 nm
63. (Anuradha et al.,
2023; Ayeen et
Mobile phase Buffer: Acetonitrile | al., 2019; Grace
Ritonavir P (60:40) and Parthiban,
and RP-HPLC Column ODS Cg 2022)
Lopinavir ol (250 mm X 4.6 mm, 5 pm)
Flow Rate 1.0 ml/min
Amax 250 nm
64. | Ritonavir RP-HPLC Mobile phase | acetonitrile: 0.05M
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and phosphoric acid (55:45)
Lopinavir Agilent TC Cyg
Column (250 mm X 4.6 mm, 5 um)
Flow Rate 1.2 ml/min
Amax 240nm
65. | Ritonavir RP-HPLC Mobile phase Phosphate Buffer:
and P Methanol (70:30)
Lopinavir Column Intersil Cyg
Flow Rate 0.8 ml/min
260nm
Amax
66. | Ritonavir RP-HPLC Mobile phase Orthophosphoric acid: | (Anuradha et al.,
and P Methanol(40:60) 2023; Ayeen et
Lopinavir Hypersil Cyg al., 2019;
Column (250 mm X 4.6 mm, 5 pm) | Prasanthi  and
Flow Rate 1.0 ml/min Sankar, 2022;
273nm Rane et al., 2015)
Amax
67. | Ritonavir RP-HPLC . Phosphate  Buffer (pH
and Mobile phase 3.5): Acetonitrile (50:50)
Lopinavir . ODSCyg
Colurnn (250 mm X 4.6 mm, 5 um)
Flow Rate 1.0 ml/min
273nm
Amax
68. | Ritonavir RP-UPLC 0.1% HsPO, in
and Mobile phase | acetonitrile: methanol
Lopinavir (85:15)
Acquity UPLC BEHC g
Column (50 mm X 2.1 mm, 1.7 pum)
Flow Rate 0.4 ml/min
Amax 215nm

IV.  CONCLUSION

In conclusion, the review on "HPLC
Based Quality Standardization of Some Anti-viral
Active Pharmaceutical Ingredients" provides a
comprehensive overview of the critical role that
HPLC methods play in ensuring the quality, safety,
and efficacy of antiviral drugs. The rationality
behind this review is evident in its focus on
addressing the pressing need for rigorous quality
control measures in the development and
standardization of antiviral pharmaceuticals. The
review underscores the significance of HPLC in
overcoming the challenges associated with the
complex chemical compositions and the potential
impurities of antiviral APIs. It offers a rational
approach to tackling the demand for reliable
antiviral medications, particularly in the context of
emerging viral diseases and pandemics. The
methods discussed in the review provide a robust
means of characterizing and quantifying active

compounds and related impurities, ensuring the
consistency of these essential medications. This
review is a valuable resource for researchers,
pharmaceutical companies, and  regulatory
authorities, equipping them with the knowledge
and insights necessary to meet established quality
standards for antiviral pharmaceuticals. As the
world faces ongoing challenges from viral
infections, this review serves as a rational guide for
the development and standardization of antiviral
drugs, furthering our collective efforts to combat
viral diseases effectively and safeguard public
health.

Acknowledgement

The authors would like to thank Gnanaseema
phytolabs, GSPhyto Guntur

Conflict of interest

Author declares no conflict of interest.

DOI: 10.35629/7781-090186100

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 119



wa

\

7

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

UPRA Journal
REFERENCES 07.010
[1]. A novel validated analytical method for [8]. Almalawi, A., Khan, A.l,, Alqurashi, F.,
simultaneous estimation of emtricitabine, Abushark, Y.B., Alam, M.M., Qaiyum, S.,
tenofovir  disoproxil ~ fumarate  and 2022. Modeling of Remora Optimization
rilpivirine — hydrochloride by RP-HPLC, with Deep Learning Enabled Heavy Metal
2022. . Int. J. Biol. Pharm. Allied Sci. Sorption  Efficiency Prediction onto
https://doi.org/10.31032/ijbpas/2022/11.1. Biochar. Chemosphere.
5837 https://doi.org/10.1016/j.chemosphere.202
[2]. A, S.R., G, NK, Srilekha, K., N, AK, 2.135065
2016. Stability indicating method for the [9.  Anuradha, A., Aanandhi, M.V., Patan, A,
simultaneous estimation of tenofovir, 2023. Analytical method development and
emtricitabine and efavirenz in pure and validation for the simultaneous estimation
pharmaceutical dosage form by RP- of lopinavir and ritonavir by RP-HPLC
HPLC. India Int. Cent. method in tablet dosage form. Ann.
[3]. A Validated RP-HPLC Method for the Phytomedicine An Int. J.
Simultaneous Estimation of Atazanavir https://doi.org/10.54085/ap.2023.12.1.45
and Ritonavir in Pharmaceutical Dosage [10].  Ashworth, I.W., Blanazs, A., Byrne, J.J.,
Forms, 2016. . ARC J. Pharm. Sci. Dirat, O., Fennell, J.W., Kuhl, N., Wells,
https://doi.org/10.20431/2455- S.L., Whiting, M.P., 2023. Approaches
1538.0201002 and Considerations for the Investigation
[4]. Abdul Sattar, M.D., Achanta, S., 2018. and Synthesis of N-Nitrosamine Drug
Analytical method development and Substance-Related Impurities (NDSRISs).
validation for the determination of Org. Process Res. Dev.
emtricitabine and tenofovir disoproxil https://doi.org/10.1021/acs.oprd.3c00084
fumarate using reverse phase HPLC [11]. Attaluri, T., Seru, G., Varanasi, S.N.M,,
method in bulk and tablet dosage form. J. 2021. Development and validation of a
Pharm. Sci. Res. stability-indicating rp-hplc method for the
[5]. Abhay, S., 2011. JPBMS JOURNAL OF simultaneous estimation of bictegravir,
PHARMACEUTICAL AND emtricitabine, and tenofovir alafenamide
BIOMEDICAL SCIENCES A Master fumarate. Turkish J. Pharm. Sci.
Reference for Practice and Applications of https://doi.org/10.4274/tjps.galenos.2020.
Bioanalytical Method Development and 70962
Validation. J. Pharm. Biomed. Sci. [12].  Ayeen, F.Q., Yasmeen, R., Badar, H.,
[6]. Abhinandana.Patchala, Ramarao 2019. Development and Validation of RP-
Nadendla, 2022. Quantification of HPLC Method for Determination of
Atazanavir and Ritonavir in Human Ritonavir and Lopinavir. Res. J. Pharm.
Plasma Samples by Rp- Hplc Include Technol. https://doi.org/10.5958/0974-
Method of Detection in the Title, Eg: 360x.2019.00577.8
Using Pda Detection. Int. J. Life Sci. [13]. Baje, S.I., Jyothi, B., Madhavi, N., 20109.
Pharma Res. RP-HPLC method for simultaneous
https://doi.org/10.22376/ijpbs/lpr.2020.10. estimation of ritonavir, ombitasvir and
2.p26-33 paritaprevir in tablet dosage forms and
[7]. Akkermans, A., Chapsal, J.M., Coccia, their stress degradation studies. Int. J.
E.M., Depraetere, H., Dierick, J.F., Appl. Pharm.
Duangkhae, P., Goel, S., Halder, M., https://doi.org/10.22159/ijap.2019v11i2.2
Hendriksen, C., Levis, R., Pinyosukhee, 8141
K., Pullirsch, D., Sanyal, G., Shi, L., [14].  Bajpai, V., Kumar, S., Singh, A., Singh,
Sitrin, R., Smith, D., Stickings, P., Terao, J., Negi, M.P.S., Bag, S.K., Kumar, N.,
E., Uhlrich, S., Viviani, L., Webster, J., Konwar, R., Kumar, B.,  2017.
2020. Animal testing for wvaccines. Chemometric Based Identification and
Implementing replacement, reduction and Validation of Specific Chemical Markers
refinement: challenges and priorities. for Geographical, Seasonal and Gender
Biologicals. Variations in Tinospora cordifolia Stem
https://doi.org/10.1016/j.biologicals.2020. using HPLC-ESI-QTOF-MS  Analysis.
Phytochem. Anal.
DOI: 10.35629/7781-090186100 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 120



wa

7

\

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

[15].

[16].

[17].

[18].

[19].

[20].

[21].

https://doi.org/10.1002/pca.2673

Bandla, J., Ganapaty, S., Ashok, G., 2015.
Stability indicating method development
and validation for the estimation of
atazanavir sulfate in pharmaceutical
dosage forms by RP-HPLC. Der Pharm.
Lett.

Behera, A., Sethy, K., Sankar, D.G.,
Moitra, S.K., Si, S.C., 2012. Statistical
correlation and simultaneous estimation of
atazanavir sulfate and ritonavir in fixed
dosage form by high performance liquid
chromatography and high performance
thin layer chromatography. J. Lidg.
Chromatogr. Relat. Technol.
https://doi.org/10.1080/10826076.2011.62
1774

Bhavyasri, K., Murali Balaram, V.,
Nageswarao, R., Rambabu, D., Sasikiran
Goud, E., Ajitha, M., 2015. Development
and validation of forced degradation
studies of atazanavir using RP-HPLC and
characterization of degradants by LC-
MS/MS. Int. J. Pharm. Sci. Rev. Res.
Bhirud, C.H., Hiremath, S.N., 2013a.
Stability indicating RP-HPLC method for
the determination of Atazanavir sulphate
in bulk and dosage form. Drug Invent.
Today.
https://doi.org/10.1016/j.dit.2013.05.008
Bhirud, C.H., Hiremath, S.N., 2013b.
Development of validated stability-
indicating simultaneous estimation of
Tenofovir  disoproxil  fumarate and
emtricitabine in tablets by HPTLC. J.
Pharm. Res.
https://doi.org/10.1016/j.jopr.2013.02.019
Bichala, P.K., sharma, R., Kumar, N.,
Lawal, A., Ibrahim, A., Umar, M., 2020.
ANALYTICAL METHOD
DEVELOPMENT AND VALIDATION
FOR THE SIMULTANEOUS
ESTIMATION OF DARUNAVIR AND
COBICISTAT BY RP- HPLC METHOD.
Int. J. Res. Pharm. Chem.
https://doi.org/10.33289/ijrpc.10.1.2020.1
0(28)

Chhajed, S.S., Sonawnae, S.S., More,
P.K., Chaudhari, H., Kshirsagar, S.J.,
2023. HPLC Method Development,
Validation and Application to
Determining In-Vitro Effect  of
Levofloxacin on the Awvailability of
Gliclazide. Pharm. Chem. J.
https://doi.org/10.1007/s11094-023-

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

02903-3

Chinnaiah, P., Lanka, A.R., Pamidi, S,
Govada, P.P., Jillella, V.L., 2015. NEW
VALIDATED RP-HPLC METHOD FOR
IDENTIFICATION AND
QUANTITATION OF PROCESS AND
DEGRADATION RELATED
IMPURITIES IN THE COMBINED
DOSAGE TABLETS OF ATAZANAVIR
AND RITONAVIR. J. Compr. Pharm.
https://doi.org/10.37483/jcp.2015.2302
Choi, S.0., Rezk, N.L., Kashuba, A.D.M.,
2007. High-performance liquid
chromatography assay for the
determination of the HIV-protease
inhibitor tipranavir in human plasma in
combination with nine other antiretroviral
medications. J. Pharm. Biomed. Anal.
https://doi.org/10.1016/j.jpba.2006.11.017
Council, 1., Harmonisation, F.O.R,,
Technical, O.F., For, R., For, P., Use, H.,
Guideline, I.C.HH, 20109.
Biopharmaceutics Classification System-
Based Biowaivers M9. Int. Harmon. Tech.
Requir. Pharm. Hum. Use.

Custers, D., Canfyn, M., Courselle, P., De
Beer, J.O., Apers, S., Deconinck, E., 2014.
Headspace-gas chromatographic
fingerprints to discriminate and classify
counterfeit medicines. Talanta.
https://doi.org/10.1016/j.talanta.2014.01.0
20

Dadi, V., Sowjanya, G., 2023.
Development and validation of UPLC
method for simultaneous estimation of
Darunavir, Cobicistat, Emtricitabine and
Tenofovir alafenamide in bulk drug and
pharmaceutical dosage form. Res. J.
Pharm. Technol.
https://doi.org/10.52711/0974-
360X.2023.00384

Deepthi, D.K., Deepthi, K., Jane, M.,
Kumar, H., 2019. Estimation of lopinavir
by RP-HPLC. Res. J. Pharm. Technol.
https://doi.org/10.5958/0974-

360X.2019.00047.7
Deepthi, R., Sankar, G.D., 2019. Novel
Stress  Indicating Rp-Hplc  Method

Development and Validation for the
Simultaneous Estimation of Bictegravir,
Emtricitabine and Tenofovir Alafenamide.
Indo Am. J. Pharm. Sci.

Devrukhakar, P.S., Borkar, R., Shastri, N.,
Surendranath, K. V., 2013. A Validated
Stability-Indicating RP-HPLC Method for

DOI: 10.35629/7781-090186100

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 121



wa

7

\

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

[30].

[31].

[32].

[33].

[34].

[35].

the  Simultaneous Determination of
Tenofovir, Emtricitabine, and a Efavirenz
and Statistical Approach to Determine the
Effect of Variables. ISRN Chromatogr.
https://doi.org/10.1155/2013/878295

Dey, K.K., Wang, H., Niu, M., Bai, B.,
Wang, X., Li, Y., Cho, J.H., Tan, H.,
Mishra, A., High, A.A., Chen, P.C., Wu,
Z., Beach, T.G., Peng, J., 2019. Deep
undepleted human serum proteome
profiling toward biomarker discovery for
Alzheimer’s disease. Clin. Proteomics.
https://doi.org/10.1186/s12014-019-9237-
1

Dey, S., Subhasis Patro, S., Suresh Babu,
N., Murthy, P.N., Panda, S.K., 2017.
Development and validation of a stability-

indicating RP-HPLC  method for
estimation of atazanavir sulfate in bulk. J.
Pharm. Anal.

https://doi.org/10.1016/j.jpha.2013.12.002
Dholakia, M.S., Rana, H.B., Desai, S.,
Gohel, M.C., Patel, K.G., Thakkar, V.T.,
Gandhi, T.R., 2019. Development and
evaluation of robust RP-HPLC method for
gliclazide estimation integrating box
Behnken design. Res. J. Pharm. Technol.
https://doi.org/10.5958/0974-
360X.2019.00026.X

Dobo, K.L., Kenyon, M.O., Dirat, O.,
Engel, M., Fleetwood, A., Martin, M.,
Mattano, S., Musso, A., McWilliams, J.C.,
Papanikolaou, A., Parris, P., Whritenour,
J., Yu, S, Kalgutkar, A.S., 2022. Practical
and  Science-Based  Strategy  for
Establishing Acceptable Intakes for Drug
Product N-Nitrosamine Impurities. Chem.
Res. Toxicol.
https://doi.org/10.1021/acs.chemrestox.1c
00369

Dongala, T., Katari, N.K., Palakurthi,
A K., Katakam, L.N.R., Marisetti, V.M.,
2020. Stability Indicating LC Method
Development for Hydroxychloroquine
Sulfate Impurities as Available for
Treatment of COVID-19 and Evaluation
of Risk Assessment Prior to Method
Validation by Quality by Design
Approach. Chromatographia.
https://doi.org/10.1007/s10337-020-
03945-5

Dudhrejiya, A., Patel, A., Chavda, J., Gol,
D., Koli, P., 2022. Spectrophotometric
simultaneous determination of efonidipine
hydrochloride ethanolate and telmisartan

[36].

[37].

[38].

[39].

[40].

[41].

[42].

in synthetic mixture by first order
derivative method. J. Med. Pharm. Allied
Sci.
https://doi.org/10.55522/jmpas.VV1112.242
7

Elgendy, K., Zaky, M., Alaa Eldin, T.,
Fadel, S.,, 2023. Rapid HPLC
determination of ciprofloxacin, ofloxacin,
and marbofloxacin alone or in a mixture.
Results Chem.
https://doi.org/10.1016/j.rechem.2022.100
749

Fan, X.H., Cheng, Y.Y., Ye, Z.L., Lin,
R.C., Qian, Z.Z., 2006. Multiple
chromatographic fingerprinting and its
application to the quality control of herbal
medicines. Anal. Chim. Acta.
https://doi.org/10.1016/j.aca.2005.09.037
Gade, B.R, Bandhakavi, SR,
Ramanaiah, G., Satyanarayana, M. V.,
2015. Method development and validation
of stability indicating RP-HPLC method
for simultaneous estimation of atazanavir
and ritonavir in  bulk and its
pharmaceutical formulations. Res. J.
Pharm. Biol. Chem. Sci.

Gade, B.R, Bandhakavi, SR,
Ramanaiah, G., Satyanarayana, M. V.,
2014. Method development and validation
of stability indicating RP-HPLC method
for simultaneous estimation of ofloxacin
and ketorolac tromethamine in bulk and its
pharmaceutical formulations. Res. J.
Pharm. Biol. Chem. Sci.

Gadhvi, M.P., Bhandari, A., Suhagia,
B.N., Desai, U.H., 2013. Development
and validation of RP-HPLC method for
simultaneous estimation of atazanavir and
ritonavir in their combined tablet dosage
form. Res. J. Pharm. Technol.

Ganji, S., Satyavati, D., 2015.
Development and validation of RP-HPLC
method for the analysis of Cobicistat and
related  impurities in bulk and
pharmaceutical dosage forms. Asian J.
Pharm. Anal.
https://doi.org/10.5958/2231-
5675.2015.00001.0

Gaurav, 2022. GC-MS metabolomics and
network pharmacology-based
investigation of molecular mechanism of
identified metabolites from Tinospora
cordifolia (Willd.) miers for the treatment
of kidney diseases. Pharmacogn. Mag. 18,
548-558.

DOI: 10.35629/7781-090186100

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 122



wa

7

\

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

[43].

[44].

[45].

[46].

[47].

[48].

[49].

https://doi.org/10.4103/pm.pm_582_21
Gautam, G., Parveen, R., Ahmad, S.,
2023. LC-MS-based Metabolomics of
Medicinal Plants, in: Omics Studies of
Medicinal Plants.
https://doi.org/10.1201/9781003179139-9
Ghode, P.D., Sayare, A.S., Pachauri, A.D.,
Tankar, A., Shinde, S.U., Saindane, D.S.,
Tembhurnikar, V., Ghode, S.P., 2022. RP-
HPLC method development and validation
for the simultaneous estimation of
dolutegravir, emtricitabine, and tenofovir
alafenamide in tablet dosage form. J. Med.
Pharm. Allied Sci.
https://doi.org/10.55522/jmpas.V1112.228
6

Giordani, C.F.A.,, Campanharo, S.,
Wingert, N.R., Bueno, L.M., Manoel,
J.W., Garcia, C.V., Volpato, N.M., lop,
G.D., de Azevedo Mello, P., de Moraes
Flores, E.M., Schapoval, E.E.S., Steppe,
M., 2020. UPLC-ESI/Q-TOF MS/MS
method for determination of vildagliptin
and its organic impurities. J. Chromatogr.
Sci.
https://doi.org/10.1093/chromsci/bmaa040
Godela, R., Gummadi, S., 2021. A simple

stability  indicating RP-HPLC-DAD
method for concurrent analysis of
Tenofovir Disoproxil Fumarate,

Doravirine and Lamivudine in pure blend
and their combined film coated tablets.
Ann, Pharm. Fr.
https://doi.org/10.1016/j.pharma.2021.04.
006

Grace, P.L., Parthiban, C., 2022.
Analytical method development and
validation for the simultaneous estimation
of Darunavir and Ritonavir by RP-HPLC
method. World J.  Pharm.  Sci.
https://doi.org/10.54037/wjps.2022.10010
3

Gummaluri, R.K., Parthasarathi, T.V.N.,
Anjanamadhulika, G., 2016. Simultaneous
method for determination of emtricitabine,
tenofovir disoproxil fumarate, elvitegravir
and cobicistat in tablets by HPLC. Indian
J. Pharm. Sci.
https://doi.org/10.4172/pharmaceutical-
sciences.1000148

Haaland, R.E., Fountain, J., Martin, A,
Dinh, C., Holder, A., Edwards, T.E.,
Lupo, L.D., Hall, L.S. Conway-
Washington, C., Massud, 1., Garcia-
Lerma, J.G., Kelley, C.F., Heneine, W.M.,

[50].

[51].

[52].

[53].

[54].

[55].

2023. Pharmacology of boosted and
unboosted integrase  strand  transfer
inhibitors for two-dose event-driven HIV
prevention regimens among men. J.
Antimicrob. Chemother.
https://doi.org/10.1093/jac/dkac419
Haribabu, Y., Nihila, K., Sheeja, V.K.,
Akhil, M.B., 2021. Method development
and validation for simultaneous estimation
of lamivudine, dolutegravir and tenofovir
disoproxil ~ fumarate in bulk and
pharmaceutical dosage form using RP-
HPLC and its application to in-vitro
dissolution study. J. Med. Pharm. Allied
Sci.
https://doi.org/10.22270/jmpas.V1014.116
5

Indira, A., Sreedhar, N.Y., Balakrishna,
D., 2022. A Stability Indicating Method
Development of Lopinavir and Rotinavir
in Combined Tablet Dosage Forms by RP-
HPLC. Res. J. Pharm. Technol.
https://doi.org/10.52711/0974-
360X.2022.00109

Jampala, R.R., Kumar, V.K., Raju
Nemala, A., 2014. Development and
Application of Liquid Chromatographic
Method for Simultaneous Determination
of Elvitegravir, Tenofovir Disoproxil
Fumarate, Emtricitabine, and Cobicistat in
Fixed Dosage Form. Pharm. Methods.
https://doi.org/10.5530/phm.2014.1.2
Jitta, S.R., Bhaskaran, N.A., Kumar, L.,
Shirodkar, R.K., 2022. Development and
Validation of RP-HPLC Method for
Quantification of Total, Free and
Entrapped Ritonavir in Lipid Nanocarriers
and Drug content of Film Coated Fixed
Dose Formulation. Indian J. Pharm. Educ.
Res.
https://doi.org/10.5530/ijper.56.3s.164
Kapoor, A., Ankalgi, A.D., Thakur, U.,
Pandit, V., Ashawat, M.S., 2020. Method
Development and  Validation  for
Multicomponent Analysis of
Emtricitabine and Ritonavir in Bulk Drug
by RP-HPLC. J. Drug Deliv. Ther.
https://doi.org/10.22270/jddt.v10i6.4400
Kokkirala, T.K., Suryakala, D., 2019. RP-
HPLC method development and validation
for the estimation of Emitricitabine,
Bictegravir and Tenofovir alafenamide in
bulk and pharmaceutical dosage form. J.
Taibah Univ. Sci.
https://doi.org/10.1080/16583655.2019.16

DOI: 10.35629/7781-090186100

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 123



wa

7

\

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

UPRA Journal
89601
[56]. Koppala, S., Panigrahi, B., Raju, S.V.N.,

[57].

[58].

[59].

[60].

[61].

[62].

[63].

Padmaja Reddy, K., Ranga Reddy, V.,
Anireddy, J.S., 2015. Development and
validation of a simple, sensitive, selective
and stability-indicating RP-UPLC method
for the quantitative determination of
ritonavir and its related compounds. J.
Chromatogr. Sci.
https://doi.org/10.1093/chromsci/bmu097
Kumar, B.M.S,, Rajkamal, B.,
Bhikshapathi, D.V.R.N., Padmini, T.,
2019. DEVELOPMENT AND
VALIDATION OF A NEW RP-HPLC
METHOD FOR  SIMULTANEOUS
DETERMINATION OF
ANTIRETROVIRAL DRUGS:
COBICISTAT AND ELVITEGRAVIR.
Int. J. Pharm. Sci. Res.

Kumbhar, P.S., Diwate, S.K., Mali, U.G.,
Shinde, T.U., Disouza, J.I., Manjappa,
A.S., 2020. Development and validation
of RP-HPLC method for simultaneous
estimation of docetaxel and ritonavir in
PLGA nanoparticles. Ann. Pharm. Fr.
https://doi.org/10.1016/j.pharma.2020.07.
004

Lamichhane, S., Das, B., Adhikari, R.P.,
Jeyaprakash, M.R., 2022. Overview of
Forced Degradation Analysis for FDA
Approved  Antiretroviral agents: A
Review. J. Young Pharm.
https://doi.org/10.5530/jyp.2022.14.55

Li, J., Pham, T.A., Sun, Z., Chen, X., Ye,
W., Wang, H., 2019. Qualitative and
quantitative analyses of chrysanthemum
morifolium “fubaiju” by lc-ms" and hplc-
uv. J. China Pharm. Univ.
https://doi.org/10.11665/j.issn.1000-
5048.20190509

Liu, H.L., Luo, R., Chen, X.Q., Ba, Y.Y.,
Zheng, L., Guo, W.W., Wu, X., 2015.
Identification and simultaneous
quantification of five alkaloids in Piper
longum L. by HPLC-ESI-MSn and
UFLC-ESI-MS/MS and their application
to Piper nigrum L. Food Chem.
https://doi.org/10.1016/j.foodchem.2015.0
1.033

M, J., N, G, 2012. Quantitative
Estimation of Lopinavir and Ritonavir in
Tablets by RP-HPLC Method. Pharm.
Anal. Acta. https://doi.org/10.4172/2153-
2435.1000160
Madhavi, S, 2017.

Rani, AP,

[64].

[65].

[66].

[67].

[68].

[69].

[70].

Development and validation of RP-UPLC
method for simultaneous estimation of
Cobicistat and Darunavir. Res. J. Pharm.
Technol. https://doi.org/10.5958/0974-
360x.2017.00796.x

Madhavi, S., Rani, AP, 2016.
Development and  Validation  of
Bioanalytical Method for the
Determination of Cobicistat from Human
Plasma. Asian J. Pharm.  Anal.
https://doi.org/10.5958/2231-
5675.2016.00033.8

Mantripragada, M.K.V.V.N., Rao, S. V.,
Nutulapati, V.V.S., Mantena, B.P.V.,,
2018. Simultaneous Determination of
Impurities of Atazanavir and Ritonavir in
Tablet Dosage Form by Using Reversed-
Phase  Ultra  Performance  Liquid
Chromatographic Method. J. Chromatogr.
Sci.
https://doi.org/10.1093/chromsci/bmx110
Mardia, R.B., Suhagia, B.N., Pasha, T.Y.,
Chauhan, S.P., 2014. RP-HPLC method
for simultaneous estimation of lopinavir
and ritonavir in combined tablet
dosageform and in spiked human plasma.
Int. J. Pharm. Sci. Res.

METHOD DEVELOPMENT  AND
VALIDATION FOR THE
SIMULTANEOUS ESTIMATION OF
COBICISTAT AND ATAZANAVIR BY

RP HPLC IN PHARMACEUTICAL
FORMULATION, 2021. . Int. J. Biol.
Pharm. Allied Sci.

https://doi.org/10.31032/ijbpas/2021/10.9.
1018

METHOD DEVELOPMENT AND
VALIDATION FOR THE
SIMULTANEOUS ESTIMATION OF
RITONAVIR, LOPINAVIR AND
EFAVIRENZ BY RP- HPLC, 2022. . Int.
J. Biol. Pharm. Allied Sci.

https://doi.org/10.31032/ijbpas/2022/11.2.
5867

Mishra, R.K., Chaubey, N., Patel, J.R.,
Mishra, S., Singh, R., 2020. A review of
analytical techniques for determination of
anti-hiv drugs. Int. J. Appl. Pharm.
https://doi.org/10.22159/ijap.2020v12i6.3
9040

MM, R., KH, R, MU, R, 2016.
Harmonized Guideline on Limit and
Testing of Elemental Impurities in
Pharmaceutical Substances: A Review.
Pharm. Regul. Aff. Open Access.

DOI: 10.35629/7781-090186100

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 124



wa

7

\

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

[71].

[72].

[73].

[74].

[75].

[76].

[77].

https://doi.org/10.4172/2167-
7689.1000168

Mdiller, L., Mauthe, R.J., Riley, C.M.,,
Andino, M.M., Antonis, D. De, Beels, C.,
DeGeorge, J., De Knaep, A.G.M., Ellison,
D., Fagerland, J.A., Frank, R., Fritschel,
B., Galloway, S., Harpur, E., Humfrey,
C.D.N., Jacks, A.S. Jagota, N,
Mackinnon, J., Mohan, G., Ness, D.K,,
O’Donovan, M.R., Smith, M.D,,
Vudathala, G., Yotti, L., 2006. A rationale
for determining, testing, and controlling
specific impurities in pharmaceuticals that
possess potential for genotoxicity. Regul.
Toxicol. Pharmacol.
https://doi.org/10.1016/j.yrtph.2005.12.00
1

Nadig, S., Jacob, JT., Bhat, I,
Kishoreraju, V., 2013. A stability
indicating RP-HPLC  method  for

simultaneous estimation of Emtricitabine,
Tenofovir  disoproxil — fumarate and
Efavirenz in pharmaceutical dosage forms.
Int. J. Res. Pharm. Sci.

Nalini, M., Haribabu, B., Veni, P., 2016.
Stability Indicating RP-HPLC Method for
Simultaneous Estimation of Atazanavir
and Cobicistat in Tablets. Br. J. Pharm.
Res.
https://doi.org/10.9734/bjpr/2016/26115
Nalini, M.V.S.S., Rama Krishna Veni, P.,
Haribabu, B., 2016. Determination of
darunavir and cobicistat simultaneously
using stability indicating RP-HPLC
method. Marmara Pharm. J.
https://doi.org/10.12991/mpj.2016203617
6

Namratha, S., Vijayalakshmi, A., 2018.
Method development and validation of
lopinavir in tablet dosage form using
reversed-phase high-performance liquid
chromatography. Asian J. Pharm. Clin.
Res.
https://doi.org/10.22159/ajpcr.2018.v11s4.
31715

Nischwitz, V., Bauer, J., Norra, S., 2021.
Characterisation of temporal and regional
differences in the elemental fractionation
and mobility of urban particulate matter
via online sequential extraction. Int. J.
Environ. Anal. Chem.
https://doi.org/10.1080/03067319.2021.19
77289

Padmalatha, M., Vanitha Prakash, K.,
Eranna, D., 2010. Validated, reversed

[78].

[79].

[80].

[81].

[82].

[83].

[84].

[85].

phase high performance liquid
chromatography method for the estimation
of atazanavir sulfate in pharmaceutical
formulations. Orient. J. Chem.

Panigrahy, U.P., Sunil Kumar Reddy, A.,
2016. A novel validated RP-HPLC
method for the simultaneous estimation of
atazanavir sulphate and cobicistat in bulk
and pharmaceutical dosage form. Int. J.
Pharm. Sci. Rev. Res.

Panigrahy, U.P., Sunil Kumar Reddy, A,
2015. A novel validated RP-HPLC
method for the simultaneous estimation of
Emtricitabine,  Tenofovir  Disoproxil
Fumarate and Rilpivirine in bulk and
pharmaceutical tablet dosage forms. Der
Pharm. Lett.

Paulino, T.H., Oliveira Junior, J.M. de,
Baldo, D.A., Aranha, N., Gongalves, D.B.,
Vila, M.M.D.C., Balcdo, V.M., 2022.
Validation of the analytical method using
the energy dispersive X-ray fluorescence
technique (EDXRF) for application in
pharmaceutical sciences. Brazilian J.
Radiat. Sci.
https://doi.org/10.15392/2319-
0612.2022.2080

Pippalla, S., Nekkalapudi, AR,
Jillellamudi, S.B., Reddy, M.P., Kumar,
CV., 2023. A stability-indicating,
reversed-phase  HPLC  method  for
quantification of assay and organic
impurities in doxycycline hyclate bulk and

parenteral dosage forms.  Biomed.
Chromatogr.
https://doi.org/10.1002/bmc.5626
Prasanthi, Sankar, D.G., 2022. A

Validated Stability Indicating RP-HPLC
Method for Simultaneous Determination
of Lopinavir and Ritonavir in Bulk and
Tablet Dosage Form. Res. J. Pharm.
Technol.  https://doi.org/10.52711/0974-
360X.2022.00284

Rajeswari, B., Saritha, N., Devanna, N.,
2022. Validated Rp-Hplc  Method
Development for Estimation of Cobicistat
and Darunavir in Bulk and Dosage Forms.

J. Drug Alcohol Res.
https://doi.org/10.4303/jdar/236163
Raju, N.A, Begum, S., 2008.

Simultaneous RP-HPLC method for the
estimation of the Emtricitabine, Tenofovir
disoproxil fumarate and Efavirenz in
tablet dosage forms. Res. J Pharm Tech.

Ramaswamy, A., Arul Gnana Dhas, A.S.,

DOI: 10.35629/7781-090186100

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 125



wa

7

\

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

[86].

[87].

[88].

[89].

[90].

[91].

[92].

[93].

DOI: 10.35629/7781-090186100

2018. Development and validation of
analytical method for quantitation of
Emtricitabine, Tenofovir, Efavirenz based
on HPLC. Arab. J. Chem.
https://doi.org/10.1016/j.arabjc.2014.08.0
07

Rane, S.S., Chaudhari, R.Y., Patil, V.R,,
2015. Method development and validation
of antiviral combination as Ritonavir and
Lopinavir in bulk and pharmaceutical
dosage form by RP-HPLC. Res. J. Pharm.
Biol. Chem. Sci.

Ranetti, M.C., lonescu, M., Hinescu, L.,
Tonica, E., Anuta, V., Ranetti, A.E.,
Stecoza, C.E., Mircioiu, C., 2009.
Validation of a HPLC method for the
simultaneous analysis of metformin and
gliclazide in human plasma. Farmacia.
Rapid and Simultaneous Analysis of
Seven Oral Anti-Diabetic Drugs, 2020. .

Jordan J. Chem.
https://doi.org/10.47014/15.3.4
Rathnasamy, R., Karuvalam, R.P.,

Pakkath, R., Prabakaran, Kamalakannan,
Sivasubramanian, Arvind, 2018. RP-
HPLC Method Development and Method
Validation of Lopinavir and Ritonavir in
Pharmaceutical Dosage Form. Am. J.
Clin. Microbiol. Antimicrob.

Rathore, A.S., Sathiyanarayanan, L.,
Mahadik, K.R., 2012. Stability-Indicating
High-Performance Thin-Layer
Chromatographic Method for Quantitative
Estimation of Emtricitabine in Bulk Drug
and Pharmaceutical Dosage Form. ISRN
Chromatogr.
https://doi.org/10.5402/2012/278583
Reilly, S.M., Cheng, T., Du Mond, J.,
2020. Method validation approaches for
analysis of constituents in ENDS. Tob.
Regul. Sci.
https://doi.org/10.18001/TRS.6.4.3
Rizwan, S.H., Girija Sastry, V., Gazi, S.,
Imad, Q., Bhameshan, K.M., 2016. A new
and validated stability indicating RP-
HPLC analysis of darunavir and cobicistat
in bulk drug and tablet dosage form. Int. J.
Pharm. Sci. Rev. Res.

Saha, C., Vishal Gupta, N., Chandan,
R.S., Shanmukha Priya, P., 2019.
Development of a validated stability
indicating LC-MS method for the
determination of tenofovir disoproxil
fumarate using quality by design
approach. Int. J.  Appl. Pharm.

[94].

[95].

[96].

[97].

[98].

[99].

[100].

[101].

https://doi.org/10.22159/ijap.2019v11i4.3
2500

Sahoo, B.M., Rao, P.V., Rao, N.S., 2023.
Development and Validation of RP-HPLC
Method for the Estimation of Tenofovir
and  Emtricitabine in  Bulk and
Pharmaceutical Dosage Form. Curr. Drug
Res. Rev.
https://doi.org/10.2174/258997751566623
0602151222

Salar, S., Gaurav, Sharma, P., 2023.
Quality Control and Multi-targeted
Therapeutic Approach of Nyctanthes
arbor-tristris for Management of Hepatic
Disease and Associated Complications.
Pharmacogn. Mag.
https://doi.org/10.1177/097312962311896
19

Sankarshana, T., Musthafa, M., 2017. RP-
HPLC METHOD DEVELOPMENT AND
VALIDATION FOR SIMULTANEOUS
ESTIMATION OF COBICISTAT AND
DARUNAVIR IN BULK AND
PHARMACEUTICAL DOSAGE FORM.
Int.  J. Med. Sci. Pharma Res.
https://doi.org/10.22270/ijmspr.v3i1.19
Sathis Kumar, D., Prashanthi, B.D.N.,
Harani, A., Anusha, P., 2015. Method
development and validation of
valacyclovir hydrochloride and ritonavir
in tablet dosage form using reverse phase
high performance liquid chromatography.
J. Teknol.
https://doi.org/10.11113/jt.v76.3093
Sauer, B., Xiao, Y., Zoontjes, M., Kroll,
C., 2020. Application of X-ray
fluorescence spectrometry for screening
pharmaceutical products for Elemental
Impurities according to ICH guideline
Q3D. J. Pharm. Biomed. Anal.
https://doi.org/10.1016/j.jpba.2019.11300
5

Sawale, V.S., Dr.D.Umamaheshwari,
2020. A Review on Novel Analytical
Techniques Used in Method Development
and Validation of Pharmaceuticals. J.
Pharm. Sci. Res.

Schmidtsdorff, S., Schmidt, A.H., 2019.
Simultaneous detection of nitrosamines
and other sartan-related impurities in
active pharmaceutical ingredients by
supercritical fluid chromatography. J.
Pharm. Biomed. Anal.
https://doi.org/10.1016/j.jpba.2019.04.049
Senocak, A., Sanko, V., Tumay, S.O.,

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 126



wa

7

\

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

[102].

[103].

[104].

[105].

[106].

[107].

[108].

Orooji, Y., Demirbas, E., Yoon, Y.,
Khataee, A., 2022. Ultrasensitive
electrochemical sensor for detection of
rutin antioxidant by layered
Ti3AI0.5Cu0.5C2 MAX phase. Food
Chem. Toxicol.
https://doi.org/10.1016/j.fct.2022.113016
Sharma, S., Goyal, S., Chauhan, K., 2018.
A review on analytical method
development and validation. Int. J. Appl.
Pharm.
https://doi.org/10.22159/ijap.2018v10i6.2
8279

Shchukin, V.M., Kuz’mina, N.E.,
Shvetsova, Y.N., Luttseva, A.l., 2022.
Development and  Validation of
Procedures  for  Determination  of
Elemental Toxicants in Herbal Substances
and Herbal Medicinal Products. Bull. Sci.
Cent. Expert Eval. Med. Prod. Regul. Res.
Med. Eval. https://doi.org/10.30895/1991-
2919-2022-12-1-65-78

Shelekhova, N. V., Shelekhova, T.M.,
Skvortsova, L.l., Poltavskaya, N. V.,
2022. Gas Chromatography-Mass
Spectrometry  of  Volatile  Organic
Impurities in Whiskey. Food Process.
Tech. Technol.
https://doi.org/10.21603/2074-9414-2022-
4-2406

Shelke, A., Surwae, P., Bendale, AR,
Borse, L., Jadhav, A.G., 2022. Method
stability indicating method development
and validation for emtricitabina by UV
spectroscopic and RP-HPLC methods. Int.
J. Pharm. Chem. Anal.
https://doi.org/10.18231/j.ijpca.2022.002
Shingote, V., Mankar, S.D., Dighe, S.B.,
2022. A Review Article on Analytical
Methods Development and Validation.

Res. J. Sci. Technol.
https://doi.org/10.52711/2349-
2988.2022.00012

Sindu Priya, D., Gowri Sankar, D., Jaya
Chandrika, D., 2016. Stability indicating
RP-HPLC method for the simultaneous
estimation of darunavir ethanolate and
cobicistat in bulk and tablet dosage form.
Der Pharm. Lett.

Singh, G.V.S., Divakar, T.E., 2019. A
Novel Stability Indicating RP-HPLC
Method Development and Validation for
Simultaneous Estimation of Bictegravir,
Emtricitabine and Tenofovir in Pure and
Fixed Dose Combination. Asian J. Org.

[109].

[110].

[111].

[112].

[113].

[114].

[115].

[116].

Med. Chem.
https://doi.org/10.14233/ajomc.2019.ajom
c-p163

Soundarya, K., Hemant Kumar, T,
Manjunath, S.Y., 2022. New RP-HPLC
Method for the Estimation of Atazanavir
sulphate in Pharmaceutical Dosage form.
Res. J. Pharm. Technol.
https://doi.org/10.52711/0974-
360X.2022.00488

Srinivasu, K., Rao, J.V. Raju, N.A,
Mukkanti, K., 2011. A validated RP-
HPLC method for the determination of
atazanavir in pharmaceutical dosage form.
E-Journal Chem.
https://doi.org/10.1155/2011/812879
Stolarczyk, E., Groman, A., Zezula, M.,
Witkowska, A., 2022. APPLICATION OF
GC-MS AND LC-MS TECHNIQUES
FOR DIRECT ANALYSIS OF AMINES
IN PHARMACEUTICAL
SUBSTANCES. Acta Pol. Pharm. - Drug
Res.
https://doi.org/10.32383/appdr/156083
Supare, S., Charbe, N., Barde, L.,
Mahajan, U., Warokar, A., 2021
DEVELOPMENT AND VALIDATION
OF STABILITY INDICATING NEW
RP-HPLC METHOD FOR THE
DETERMINATION OF ATAZANAVIR
SULFATE IN BULK AND CAPSULE
DOSAGE FORM. J. Adv. Sci. Res.
https://doi.org/10.55218/jasr.202112112
Swarnkar, P., Maheshwari, M., 2021.
Analytical  Method  Validation  of
Compendial Hplc Method for. Int. J.
Pharm. Erud.

Swarnkar, P., Maheshwari, M., Kumar
Gupta, M., 2021. ANALYTICAL
METHOD VALIDATION OF
COMPENDIAL HPLC METHOD FOR
PHARMACEUTICALS AS PER
RECENT USP AND ICH GUIDELINES.
Int. J. Pharm. Erud. www.

T. S, S, BABU, N, 2022
ANALYTICAL METHOD
VALIDATION OF GLICLAZIDE

RELATED SUBSTANCES BY HIGH

PERFORMANCE LIQUID
CHROMATOGRAPHY METHOD. Int. J.
Curr. Pharm. Res.

https://doi.org/10.22159/ijcpr.2022v14i4.1
999

Tanuja, A., Ganapaty, S., 2022. Bio-
analytical Method Development and

DOI: 10.35629/7781-090186100

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 127



L3N

N\

International Journal of Pharmaceutical Research and Applications
Volume 9, Issue 1 Jan-Feb 2024, pp: 86-100 www.ijprajournal.com

\
UPRA Journal
Validation for Simultaneous Pharmacol.
Determination of Bictegravir, https://doi.org/10.5829/idosi.gjp.2013.7.3.

[117].

[118].

[119].

[120].

[121].

Emtricitabine, and Tenofovir Alafenamide
Fumarate in Human Plasma by LC-
MS/MS. Indian J. Pharm. Educ. Res.
https://doi.org/10.5530/ijper.56.4.201
Thomas, R., Tennant, R.E., Oliveira,
A.AF., Ponting, D.J., 2022. What Makes
a Potent  Nitrosamine?  Statistical
Validation of Expert-Derived Structure-
Activity  Relationships. Chem. Res.
Toxicol.
https://doi.org/10.1021/acs.chemrestox.2¢
00199

Varma, S.M., Lakshmi, R. V, Dhanaraju,
M.D., 2012. Development and validation
of a RP-HPLC method for determination
of lopinavir in bulk and pharmaceutical
dosage form. Int. J. Res. Pharm. Chem.
Veerabhadram, G., Subramanyam, C.,
Vejendla, R., 2017. RP-HPLC METHOD
DEVELOPMENT AND VALIDATION
FOR SIMULTANEOUS ESTIMATION
OF COBICISTAT AND ATAZANAVIR
IN BULK AND PHARMACEUTICAL
DOSAGE FORM. Int. J. Med. Sci.
Pharma Res.
https://doi.org/10.22270/ijmspr.v3i1.18
Venkata Padmini, M., Gowri Sankar, D.,
2021. Stability indicating rp-uplc method
for simultaneous estimation of atazanavir
and cobicistat in bulk and tablet dosage
forms. Res. J.  Pharm.  Technol.
https://doi.org/10.5958/0974-
360X.2021.00252.3

Venkatesh, J., Singaiah Chowdary, M.,
Anuroop, H.D., Prasad, V.V.L.N., Anjani
Prasad Reddy, V., 2013. Reverse phase
high performance liquid chromatographic
estimation of atazanavir and ritonavirin
pharmaceutical dosage form. Glob. J.

[122].

[123].

[124].

[125].

[126].

7546

Venkateswara Rao, B., Vidyadhara, S.,
Vikas, S., Jhonbi, S.K., 2016. A modified
liquid chromatographic method
development and  validation  for
simultaneous estimation of atazanavir and
ritonavir in bulk and tablet dosage form.
Der Pharm. Lett.

Vijayai, K., Madhuri, M., Anusha, V.,
Siresha, V.R.K., 2019. Development,
validation of rp-hplc method for the
simultaneous estimation of tenofovir
disproxil fumarate, emtricitabine and
rilpivirine  hydrochloride in  bulk,
formulation and used in nanosuspension.
Indian Drugs.
https://doi.org/10.53879/id.56.09.11663
Wichitnithad, = W.,  Nantaphol, S,
Noppakhunsomboon, K., Rojsitthisak, P.,
2023. An update on the current status and
prospects of nitrosation pathways and
possible root causes of nitrosamine
formation in various pharmaceuticals.
Saudi Pharm. J.
https://doi.org/10.1016/j.jsps.2022.12.010
Wu, J., Brun, N., Gonzalez-Sanchez, J.M.,
Rmili, B., Temime Roussel, B., Ravier, S.,
Clement, J.L., Monod, A., 2022.
Substantial organic impurities at the
surface of synthetic ammonium sulfate
particles. Atmos. Meas. Tech.
https://doi.org/10.5194/amt-15-3859-2022
Zhao, Z., Qin, W., Long, J., Lei, J., Xu,
W., Wang, Z., 2023. The removal of
organic impurities from industrial waste
salt by pyrolysis. Environ. Sci. Pollut.
Res. https://doi.org/10.1007/s11356-022-
23659-5

DOI: 10.35629/7781-090186100

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 128



