Shubham G. Padol, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 5, 1588-1597 | Research

INTERNATIONAL JOURNAL OF TV

po |
PHARMACEUTICAL SCIENCES PEN {2\ ACCESS
[ISSN: 0975-4725; CODEN(USA): 1JPS00] \

Journal Homepage: https://www.ijpsjournal.com

Research Article

Development And Validation Of RP-HPLC Method For Estimation Of

Indapamide: A Review

Shubham G. Padol*, Sonali A. Waghmare

Department of Pharmaceutical Quality Assurance, SND College of Pharmacy, Babhulgaon (Yeola), India.

ARTICLE INFO ABSTRACT

Received: 24 May 2024 Indapamide, a thiazide-like diuretic, is widely used in the management of hypertension
Acce.pted: 26 May 2024 and edema. The accurate quantification of indapamide in pharmaceutical formulations
PUbI'Shec?: 27 May 2024 and biological samples is crucial for ensuring its efficacy and safety. High-performance
Keywords:

Indapamide, RP-HPLC,
Method Development,
Validation, Pharmaceutical
Analysis.

DOI:
10.5281/zenodo.11355337

liquid chromatography (HPLC) is the preferred analytical technique for the
quantification of indapamide due to its high sensitivity, selectivity, and efficiency. This
review provides an overview of the development and validation of reversed-phase
HPLC (RP-HPLC) methods for the estimation of indapamide in various matrices. The
review discusses different aspects of method development, optimization, validation
parameters, and applications in pharmaceutical analysis and pharmacokinetic studies.

INTRODUCTION

Indapamide (IND), chemically known as 4-chloro-
N-(2-methyl-2,3-dihydroindol-1-yl)-3-
sulfamoylbenzamide (fig.1), is a thiazide-like
diuretic, has emerged as a cornerstone in the
treatment regimen for hypertension and edema
associated with various cardiovascular conditions
[1]. It acts by inhibiting sodium reabsorption in the
distal convoluted tubules of the kidneys, leading to
increased urine production and reduced blood
pressure. Its efficacy in reducing blood pressure
and managing fluid retention has positioned it as a
pivotal therapeutic agent in clinical practice.

However, the effective utilization of indapamide
necessitates accurate quantification methods to
ensure appropriate dosing and monitor patient
response [2].
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Figure 1: Structure of Indapamide
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In  pharmaceutical ~ formulations,  precise
quantification of indapamide is indispensable to
guarantee product quality and adherence to
regulatory standards. Moreover, in
pharmacokinetic studies and clinical settings, the
ability to accurately measure indapamide levels in
biological samples such as plasma and urine is
crucial for understanding its pharmacological
behavior, optimizing dosing regimens, and
ensuring patient safety [3].

Among the various analytical techniques available
for quantifying pharmaceutical compounds, high-
performance liquid chromatography (HPLC)
stands out as a preeminent method due to its
versatility, sensitivity, and reliability [4]. Within
the realm of HPLC, reversed-phase HPLC (RP-
HPLC) has garnered significant attention for its
effectiveness in separating a wide range of
compounds, including indapamide, based on their
hydrophobicity [5].

The development and validation of RP-HPLC
methods for indapamide quantification represent a
critical aspect of pharmaceutical analysis. These

methods not only provide accurate and precise
measurements but also offer the advantage of
being robust, reproducible, and amenable to high-
throughput analysis. Moreover, the versatility of
RP-HPLC allows for the analysis of indapamide in
diverse matrices, ranging from pharmaceutical
formulations to biological fluids, facilitating
comprehensive pharmacological investigations
[6].

This review aims to provide a comprehensive
overview of the development and validation of
RP-HPLC methods for the estimation of
indapamide. By synthesizing existing literature
and highlighting key methodologies, optimization
strategies, validation protocols, and applications,
this review seeks to elucidate the significance of
RP-HPLC in indapamide analysis within the
context of pharmaceutical sciences and clinical
practice. Furthermore, it aims to identify current
challenges, emerging trends, and future directions
in the field, thereby contributing to the
advancement of analytical methodologies for
indapamide quantification.

Table 1: Drug Profile of Indapamide [7]

DRUG PROFILE

INDAPAMIDE

Molecular Weight

365.84 g/mol

Molecular formula

C16H16CIN303S

Drug Category

Thiazide-like Diuretic

Chemical name

4-chloro-N-(2-methyl-2,3-dihydroindol-1-yl)-

3-sulfamoylbenzamide

Melting point 147-148°C
approximately 8.7 for the sulfonamide group
pKa and approximately 9.6 for the dihydropyridine
group.
Log P 3.9
A max 240 to 245 nm
Treatment of hypertension and edema
Uses associated with conditions such as congestive

heart failure and renal dysfunction

Mechanism of Action of Indapamide:
The mechanism of action of indapamide, like other
thiazide diuretics, primarily involves its effects on
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renal tubular function. Here's a breakdown of its
mechanism [8-13]:
Inhibition of Sodium Reabsorption:
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Indapamide acts predominantly on the distal
convoluted tubule (DCT) of the nephron in the
kidneys. It inhibits the sodium-chloride symporter
(NCC) located on the luminal membrane of the
DCT cells. By blocking NCC, indapamide
prevents the reabsorption of sodium and chloride
ions from the tubular fluid into the DCT cells. This
inhibition disrupts the normal electrochemical
gradient for sodium, leading to decreased
reabsorption of water and other ions downstream
in the nephron (fig.2).

Increased Excretion of Sodium and Water:

By inhibiting sodium reabsorption, indapamide
promotes the excretion of sodium, chloride, and
consequently water, into the urine. This diuretic
effect reduces extracellular fluid volume and
decreases blood pressure, making it effective in the
management of hypertension and edema.
Potassium Conservation:

Unlike some other diuretics, such as loop diuretics,
indapamide has a milder effect on potassium
excretion. While it enhances sodium and water
excretion, indapamide retains potassium to a

significant extent. This is achieved through
mechanisms such as increased delivery of sodium
to the aldosterone-sensitive distal nephron
segments, where potassium secretion occurs, and
through direct effects on potassium channels.
Vasodilatory Effects:

In addition to its diuretic action, indapamide
exhibits mild vasodilatory properties. This effect is
thought to be mediated through several
mechanisms, including the inhibition of vascular
smooth muscle cell proliferation, improvement in
endothelial function, and modulation of vascular
tone. The vasodilatory effect contributes to the
antihypertensive action of indapamide, helping to
reduce peripheral vascular resistance.
Antihypertensive Action:

By promoting sodium and water excretion and
inducing vasodilation, indapamide effectively
reduces blood volume and peripheral vascular
resistance. This combined action results in a
decrease in systemic blood pressure, making it a
valuable therapeutic agent in the management of
hypertension.
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Figure 2: Mechanism of Action of Indapamide

Pharmacokinetics:

Here's a general overview of the pharmacokinetics
of indapamide [14-18]:

Absorption:

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Indapamide is well absorbed after oral
administration, with peak plasma concentrations
reached within 1 to 2 hours after ingestion. Food
does not significantly affect its absorption, so it
can be taken with or without food.
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Distribution:

Indapamide is extensively distributed throughout
the body, with a volume of distribution ranging
from 16 to 20 liters. It binds strongly to plasma
proteins, primarily to albumin.

Metabolism:

Indapamide undergoes minimal metabolism in the
liver. The primary metabolic pathway involves
hydroxylation to form an inactive metabolite. The
cytochrome P450 enzyme system does not play a
significant role in the metabolism of indapamide.
Excretion:

The drug and its metabolites are primarily excreted
through the kidneys. Approximately 70% of the
administered dose is excreted in the urine, with
only a small amount eliminated in the feces. The
elimination half-life of indapamide ranges from 14
to 24 hours, allowing for once-daily dosing.
Renal Impairment:

In patients with renal impairment, the elimination
half-life of indapamide may be prolonged,
necessitating dose adjustment based on renal
function.

Hepatic Impairment:

Indapamide is not extensively metabolized by the
liver, so hepatic impairment is not expected to
significantly alter its pharmacokinetics. However,
caution may be warranted in severe hepatic
impairment due to potential alterations in drug
metabolism and clearance.

Drug Interactions:

Indapamide has a low potential for drug
interactions. However, concurrent use of other
drugs that affect renal function or potassium levels
(such as NSAIDs or potassium-sparing diuretics)
may require dosage adjustment or monitoring.
Conditions for chromatography:

A 25 cm x 4.6 mm i.d. HiQ Sil-C18 HS column
(Kya Tech, Japan) was used for the separation.
There was a 1.0 mL min—1 flow rate. There was a

20ul injection volume. At 242 nm, the detecting
wavelength was chosen. The ratio of acetonitrile,
methanol, and water in the mobile phase was
40:50:10 (v/v/v). The column temperature was
kept at room temperature and the run duration was
fixed at ten minutes. The column was equilibrated
for 30 minutes with mobile phase before the
analyte was injected. After mixing, the mobile
phase was filtered using a 0.45 um membrane
filter and then sonicated to remove any remaining
gas [19,20].
Developing an
Indapamide:
Reversed-phase HPLC (RP-HPLC) methods have
gained prominence for the quantification of
indapamide due to their ability to separate polar
and non-polar compounds effectively [21]. The
development of RP-HPLC methods involves
optimization of various parameters such as mobile
phase composition, pH, column type, column
temperature, and detection wavelength to achieve
optimal separation and quantification of
indapamide [22,23].

In order to create a method, the RP-HPLC process
was optimized (Table 2). Acetonitrile: Methanol:
Water in the ratio of 40:50:10 (v/v/v) was found to
provide a strong, well-defined peak with
extremely good symmetry and low t R (3.233 min)
out of numerous solvents and solvent mixtures
examined (fig.3). Several other mobile phases that
were attempted in the past were either ignored or
failed to produce a clearly defined peak quickly.
Based on peak shape (peak area, peak asymmetry,
and tailing factor), baseline drift, analysis time,
and solvent cost, the final decision regarding the
composition and flow rate of the mobile phase was
made. The ideal mobile phase was determined to
be acetonitrile: methanol: water in a ratio of
40:50:10 (v/viv). The retention time under these
circumstances was 3.233 + 0.01 minutes [24-26].

RP-HPLC Method for

Table 2: Optimized Chromatographic Conditions

| Parameters |

Conditions |
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Stationary phase (column) HiQ Sil-C18 HS
Mobile Phase Acetonitrile: Methanol: Water in the
ratio of 40:50:10 (v/v/v)
Flow rate (ml min—1) 1.0
Runtime (min) 10
Column Temperature(°C) Ambient
VVolume of Injection (ul) 20
Detection wavelength (nm) 242nm
Drug Retention Time(min.) 3.233
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Figure 3: Typical chromatogram of Indapamide

Method Validation:

Linearity:

After dissolving 100 mg of indapamide in 100 ml
of mobile phase, a stock solution containing 1000
pg mL™* was created. From this stock solution,
solutions with varying concentrations (10-60 ug
mL™1) were created for the purpose of creating
calibration plots. During column equilibration, the

mobile phase was passed through a 0.45 pm
membrane filter and supplied at a rate of 1.0 mL
mint. The baseline was continually observed
throughout this procedure. 242 nm was the
detecting wavelength. Following a series of
injections of the created dilutions, each dilution's
peak area was determined, and the concentration
was plotted against the peak area (fig.4) [27].

Table 3: Statistical data of calibration curves of Indapamide

Parameters Indapamide
Linearity (ug mL—1) 10 - 60
Regression equation 23273x + 20134

Correlation coefficient (R2) 0.9995
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Figure 4: Calibration Curve of Indapamide

Accuracy: In various literature, researchers used
the conventional addition approach to determine
accuracy. The suggested procedure was applied to
previously examined IND (10 pg mL—1) samples
that had been spiked with 80, 100, and 120%

additional IND standard. Three separate people
carried out the experiment. For every
concentration, recovery (%), RSD (%), and
standard error (SE) were computed (Table 4) [28-
31].

Table 4: Result of Recovery Studies of Indapamide

Level of Amount Present | Amount of pure | % Recovery* | R.S.D. S.E.
Recovery | in formulation (ug | drug Added (ug
mL—1) mL—1)
80 10 8 98.16 1.50 0.029
100 10 10 99.48 0.96 0.035
120 10 12 100.12 1.70 0.039

Precision: In compliance with ICH guidelines,
precision was defined as both repeatability and
intermediate precision. The assessment of inter-
day variation was used to establish intermediate
precision and intra-day variation was used to

determine repeatability of sample injection. Single
concentration solutions of indapamide were found
for both intra-day and inter-day fluctuation (Table
5) [32].

Table 5: Result of Precision Studies of Indapamide

Concentration | Repeatability (intraday | Intermediate precision (inter-
(ug mL™) precision) * day) *

% RSD SE % RSD SE
10 0.4404 0.60 0.5588 0.81

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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Reproducibility: By measuring precision on an
alternative column while doing analysis with a
different analyst, the reproducibility of the
approach was verified. Six determinations of IND
solutions at single concentrations (10ug mL™t)
were made for both intra-day and inter-day
variance [33].

Limit of Detection (LOD) and Limit of
Quantification (LOQ):

By using the standard deviation (S y/x) technique,
LOD and LOQ were ascertained. LOD and LOQ
were calculated using the formulas LOD =3.3 x S
y/x IS and LOQ = 10 x S y/x /S based on the slope
(S), of the calibration plot, S y/x [33,34].

The literature reported that the method's LOD and
LOQ, ascertained by the standard deviation
approach, were 0.52 and 0.78 pg mL7Y,
respectively [34]. These results suggest that the
method is suitable for the detection and
quantification of IND throughout a broad
concentration range.

Robustness: The method's robustness was
evaluated in order to evaluate the impact of a
minor but intentional alteration to the
chromatographic conditions on the identification
of IND. By adjusting the mobile phase flow rate to
0.9 and 1.1 mL min~t and the methanol content to
48 and 52%, robustness was assessed (Table 6)
[35-38].

Table 6: Robustness of the method

System suitability parameters | Normal Change in condition | Change in % RSD
condition
Flow Rate 1.0 mL mint 0.9 mL mint 0.034
1.1 mL min?! 0.026
Mobile phase ratio (Acetonitrile: | 40:50:10 38:54:08 0.050
Methanol: water) 52:42:06 0.039

Stability:

Repeated analyses of samples taken during the
experiments on the same day as well as after the
drug solution was stored for 48 hours under
laboratory bench settings (33 £ 1°C) and under
refrigeration (8 £ 0.5°C) were used to determine
the stability of the medication in solution during
analysis [39].

Applications of RP-HPLC Methods:

RP-HPLC methods have been successfully applied
for the analysis of indapamide in various matrices,
including tablets, capsules, injections, and
biological fluids such as plasma and urine. These
methods have been utilized in quality control
laboratories for routine analysis of pharmaceutical
formulations and in pharmacokinetic studies to
determine the drug's concentration-time profile in
vivo [40].

Future Perspectives:

Future research directions in the field of RP-HPLC
for indapamide analysis may include the
development of green analytical methods,
automation of sample preparation and analysis,
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and exploration of hyphenated techniques such as
HPLC-MS/MS for enhanced sensitivity and
selectivity. Moreover, the application of quality-
by-design  (QbD) principles in  method
development and validation could further improve
method robustness and reliability.

This review provides valuable insights into the
development and validation of RP-HPLC methods
for the estimation of indapamide, highlighting
their significance in pharmaceutical analysis and
clinical research.

CONCLUSION

In conclusion, the development and validation of a
reliable RP-HPLC method for the estimation of
indapamide represent a critical aspect in
pharmaceutical analysis. Through a
comprehensive review, it is evident that the
establishment of such a method requires
meticulous attention to various parameters
including chromatographic conditions, validation
parameters, and specificity. The significance of
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this method lies in its ability to accurately quantify
indapamide, ensuring the quality, safety, and
efficacy of  pharmaceutical  formulations
containing this active ingredient. Furthermore, the
review highlights the importance of thorough
validation to ensure the robustness, precision, and
accuracy of the analytical procedure, thereby
facilitating its application in routine quality control
laboratories. Overall, the synthesis of existing
literature underscores the necessity for continued
research and standardization in the development
and validation of RP-HPLC methods for
indapamide analysis to meet the evolving demands
of pharmaceutical analysis.
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