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e  Summary

This study focuses on the development and validation of a High-Performance Liquid
Chromatography (HPLC) method for the estimation of Vildagliptin in pharmaceutical dosage
forms. The method is optimized for accuracy, sensitivity., and reproducibility. Validation
ensures compliance with international standards, evaluating parameters like specificity,
linearity. precision, and stability. This validated HPLC method is essential for quality control,

ensuring consistent product quality and safety for Vildagliptin-containing medications.



* Detailed Report

1. Introduction

The Vildagliptin (Fig. 1) is an oral anti-diabetic drug. potent dipeptidyl peptidase [V
(DPP-TV) inhibitor for the treatment of diabetes 1,2, Chemically, it is (S)-1-[N-(3-
hydroxy-1-adamantyl) glyeyl] pyrrolidine-2-carbonitrile. DPP-1V inhibitors
represent a new class of oral antihyperglycemic agents to treat patients with type-2
diabetes3. DPP-1V inhibitors improve fasting and postprandial
glycaemic control without hypoglycacmia or weight gain. Vildagliptin inhibits
the inactivation of GLP-1 and GIP by DPP-1V, allowing GLP-1 and GIP to potentiate the
secretion of insulin in the beta cells and suppress glucagon release by the alpha cells

of the islets of Langerhans in the pancreasd,s.

Vildagliptin is an oral agent which is a member of a new class of hypoglycemic drugs,
dipeplid)'lpeplidaéc-4 (DPP-4) inhibitors. This review presents the physicochemical
properties of vildagliptin and assesses analysis methods for its estimation in substances,
medicinal formulations, and biological media. These are chromatographic,
spectrophotometric, electrochemical and other analysis methods. The material presented
may be useful for developing new methods for analysis of medicinal formulations

containing vildagliptin. The most widely used method for assay of vildagliptin is HPLC.

Literature survey revealed that few analytical methods such as spectrophotometric6-8,
HPLC9-17 and LC-MS18,19  methods have been reported for the estimation of
Vildagliptin in alone or in combination with other drugs. Hence a new sensitive
and accurate HPLC method was developed and validated as per ICH guidelines20 for the
estimation of Vildagliptin in bulk sample and in pharmaceutical dosage form.
Precision
The intra-day precision study of Vildagliptin was carried out by estimating the
correspondence responses six times on the same day with 100 pg/ml concentration and
inter-day precision study of Vildagliptin was carried out by estimating the correspondence

responses six limes next day with 100 pg/ml concentration.



Stability

In order to demonstrate the stability of both standard and sample solutions during analysis,
both the solutions were analysed over a period of 8 hours at room temperature.

Robustness

Robustness of the method was  studied by changing the composition of organic
phase by £4% and the pH by £ 0.1, and also by observing the stability of the drugs for 24

hours at ambient temperature in the mobile phase.

HO

Fig:1 Structure of Vildagliptin

2. Literature Review

Methods for Analysis of Vildagliptin

The Russian literature contains a number of publications on vildagliptin, though all are
mainly on pharmacological and medical themes. In the present article we are guided by
information in non-Russian scientific journals on methods for analysis of vildagliptin,
both in pure form and in mixtures with other antidiabetic components. Vildagliptin is not
yet included in any of the world’s pharmacopeias. Below we present possible methods for
analysis of vildagliptin.

Titrimetric Methods:

Report [17] presented data from studies of the potential use of conductometrie titration of
vildagliptin and its analogues. This method is based on the ability of vildagliptin and its
analogues to form complexes with copper (11) ions in the conductometer cell, which leads

{0 a change in the conductivity of the solution. This method is both simple, rapid, and

economical.



IR Spectroscopy:

% IR enpnntes N anlde st ' . . v $.:28
I'he IR spectrum of vildagliptin obtained in potassium bromide tablets has characteristic

absorption bands at 3294 em-1 (n, stretch vibrations of -O-H and -N-I), 2992,

2015, 2849 em-1 (stretch vibrations of <CH in the aliphatic chain), 2238 em-1 (stretch
vibrations of the nitrile group -CN). 1658 cm-1 (stretch vibrations -C=0), 1405, 1354
em-1 (8. deformational vibrations (-CH in the aliphatic chain), 1254 cm-1 (. C-N), 1120,
1103 em-1 (i C-O(H)), 1054, and 1035 cm-1 (, C-O(H)) (cycloalkane in the 3-

hydroxyadamantane fragment) [9].

The literature contains descriptions of a rapid and simple method of near-infrared

reflection spectroscopy for quality control of vildagliptin and other antidiabetic drugs

[17.18].
Spectrophotometry in the Visual and UV Ranges:

The vildagliptin molecule does not contain a conjugated double-bond system, so its
ultraviolet spectrum has no specific and marked absorption peaks. Figure Figure88 shows
that the spectrumw has a peak at around 200 nm. Despite this, work reported in [10]
proposed a validated spectrophotometric method for assay of vildagliptin at an analytical
wavelength of 266 nm, with a test solution concentration of 200 pg/ml and water as
solvent. Report [19] proposed an analytical wavelength of 244 nm. A wavelength of
202.5 nm in 0.5 M HCI at a vildagliptin test solution concentration of 25 pg/ml has been
reported [20]. A spectrophotometric method for assay of vildagliptin with metformin
hydrochloride using first derivative spectra has been described [8], as has assay of

vildagliptin using the second derivative spectrum [21].
High-Performance Liquid Chromatography with UV Detection:

Studies [29 — 35] used analytical wavelengths of 239, 260, and 290 nm. We obtained UV
spectra in buffer solutions with different pH at concentrations of 10 and 200 pg/ml (Fig.
(Fig.8).8). As shown in Figs. Figs.88 and and9,9, the expected second absorption bands at
around 239, 260, or 290 nm proposed as analytical wavelengths, were not seen.

Vildagliptin is basic in nature (it ionizes in acidic media) [36]. Selection of mobile phase
buffer solution pH usually depends on the pKa of the substance being assayed.

Vildagliptin has to be in the ionized state. Publications therefore generally use a mobile



phase pH of 7.0 |9, 16, 21, 30. 32. 34]. As shown in Table Table2.2, some authors use
buffer solutions with other pH values, as guided by the task being addressed and the

properties of substances accompanying vildagliptin,
High-Performance Liquid Chromatography with Mass Detection:

The authors of [16] used mass spectra to propose the structure of a vildagliptin
contaminant formed during synthesis. The main degradation products were confirmed
and clarified in [44]. The mechanisms of formation of degradation products were
described and their structures were determined in [13]. Alkaline hydrolysis produced
peaks with products with relative retention times (RRT) of 1.2, 0.6, and 0.4, while acid
hydrolysis generated a product with RRT 1.3; m/z values were 337.2, 321.1, and 322.6. A
further three decomposition products were also observed on oxidative oxidation of
vildagliptin, one with RRT 0.38 and m/z 241.1, the second identical to the product
formed on alkaline hydrolysis with RRT 0.6, and a third with RRT 0.8 and m/z 183.1

[13].

Furthermore, there are data on vildagliptin assay in plasma by HPLC-MS in bioanalytical
studies [50] and in mixtures with metformin hydrochloride in plasma using an Atlantis

HILIC Silica 150 x 2.1 mm, 3p column [52].
Capillary Electrophoresis:

The literature contains a description of vildagliptin assay by capillary electrophoresis.
The assay used fused quartz capillaries with a potential of 25 kV (positive polarity). The
supporting electrolyte was 25 mM potassium phosphate pH 8.0 with detection at 207 nm.
Electrophoretic separation was run in 6 min and was linear over the concentration range
50 — 200 pg/ml [S3]. The authors of [54] assayed vildagliptin in rat plasma, after
precipitation of plasma protein with acetonitrile, using sitagliptin as internal standard.
Vildagliptin was separated from plasma components using flamed quartz capillaries with
supporting electrolyte consisting of 0.25 mM ammonium formate. Detection was by mass

spectrometry.
Gas-Liquid Chromatography:

A method for vildagliptin assay by gas chromatography with mass detection was
described in [46]. The stationary phase was a capillary column with 5% methylpheny!

polysiloxane (30 m x 0.25 mm, 025 p, Agilent Technologies, USA) and the



derivatization agent was N-nu‘lh_\‘l-N~(lrinwlhylsilyl) trifluoroacetamide (MSTEFA) and
catalysts were fl-mercaptoethanol and ammonium iodide (NH41). The trimethylsilyl
derivative was attached at the hydroxyl group of vildagliptin. The internal standard was
nandrolone.

GLC with flame ionization detection was used to determine the initial product of 3-

aminoadamantol as contaminant of vildagliptin |7, 9]

3. Objectives

1. To synthesize high-quality Graphene Oxide (GO) for experimental purposes.

2. To evaluate its adsorption efficiency for removing heavy metals and organic
pollutanls.‘
3. To propose an optimized treatment process for real-world applications.

4. Methodology

Instrumentation:

The liquid chromatographic system consisted of Waters HPLC system equipped with a
reverse phase Altima C18 column (150 mm x 4.6mm; 5 pm), a 2695 binary pump, a 10 uL
injection loop and a 2487 dual absorbance detector and running on Waters Empower 2

software. Shimadzu electronic balance (AX-200) was used for weighing purpose.

Reagents and materials:

The working standard of Vildagliptin was provided as gift sample from Spectrum Labs,
Hyderabad, India. The market formulation GALVUS tablets (Vildagliptin 50 mg)
were procured from local market. Acetonitrile of HPLC grade was purchased from E.
Merck, Mumbai, India. HPLC grade water was obtained by double distillation and
purification through milli-Q water purification system. Orthophosphoric acid of analytical

grade was procured from Qualigens, Mumbai, India.

Preparation of standard stock solution

10 mg of Vildagliptin was accurately weighed, transferred to 10 ml volumetric flask and is
dissolved in 7 m] of the diluent. Sonicated the solution for few minutes to dissolve the
drug completely. Then it is filtered through 0.45 p filter and the volume is made up to 10 ml

with diluent to get a concentration of 1 mg/ml stock solution. Further pipetted 0.4 ml of the



above stock solution into a 10 ml volumetric flask and diluted up to the mark with diluent to

obtain required concentrations.
Preparation of sample Solution

Twenty tablets were weighed and finely powdered. An accurately weighed portion of
powder sample equivalent to 10 mg of Vildagliptin was transferred to 10 ml volumetric
flask and is dissolved in 7 ml of the diluent. Sonicated the solution for few minutes to
dissolve the drug completely. Then it is filtered through 0.45 p filter and the volume is made
up to 10 ml with diluent. Further pipetted 0.4 ml of the above stock solution into a 10 ml

volumetric flask and diluted up to the mark with diluent to obtain required concentration.

Chromatographic conditions

HPLC was conn_ected with Altima C18 column (150 mm x 4.6 mm, 5 pum) as stationary
phase. A mixtulre of dilute orthophosphoric acid solution pH 2.6+0.5 as buffer and
acetonitrile in the ratio of 72:28 v/v was prepared and used as mobile phase. The
orthophosphoric acid buffer solution was prepared by transferring about 1 ml of
concentrated orthophosphoric acid into 1000 ml standard flask, add 400 ml of milli-Q water,
mix and dilute to volume with illi-Q water, sonicate for five minutes and cool to room
temperature, measure the pH of above solution and finally adjusted the pH to 2.6 with
orthophosphoric acid solution and filtered through 0.45 p nylon filter. The 100% water was
used as diluent. Injection volume was 10 puL and flow rate was 1.0 mL/min and run time was

7.0 min. The column was maintained at ambient temperature and the eluent was

monitored at 266 nm.

Calibration curve

Appropriate aliquots of standard Vildagliptin stock solution were taken in different
volumetric flasks and resultant solution was diluted up to the mark with mobile phase to
obtain final concentration of 25, 50, 75, 100, 125 and 150 pg/ml of Vildagliptin. These
solutions were injected into chromatographic system, chromatograms were obtained and
peak area ratio was determined for each concentration of drug solution. Calibration curve of
Vildagliptin was constructed by plotting peak area ratio versus applied concentration of

Vildagliptin and regression equation was computed, Similarly, the sample solution was
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chromatographed and concentration of Vildagliptin in tablet sample was found out using

regression equation,
Method validation

The method waswalidated for lincarity, specificity, limit of detection, limit of quantification.

accuracy. preeision, stability and robustness by following procedures.
Linearity and range

The linearity of the method was determined at six concentration levels ranging from 25-150
ug/ml for Vildagliptin. Evaluation of the drug was performed with UV detector at 266 nm,
peak area was recorded for all the peaks. The correlation coefficient value of Vildagliptin
was 0.999. The results show that an excellent correlation exists between peak area and

concentration of drug within the concentration range indicated.

Specificity
Commonly used excipients (colloidal silicon dioxide, lactose, magnesium stearate, starch and
talc) were spiked into a pre-weighed quantity of drug. The chromatogram was taken by

appropriate dilutions and the quantity of drug was determined.

Limit of detection and limit of quantification: The limit of detection (LOD) and limit of
quantification (LOQ) of the developed method were determined by injecting progressively
low concentrations of the standard solution using the developed HPLC method. The LOD for

Vildagliptin was found to be 0.06 pg/ml and the LOQ for Vildagliptin was found to be 0.21

pg/ml.

Accuracy

The accuracy of the method was determined by calculating recovery of Vildagliptin by the
method of standard addition. Known amount of Vildagliptin was added to a pre-quantified
sample solution and the amount of Vildagliptin was estimated by measuring the peak area
ratios and by fitting these values to the straight-line equation of calibration curve. The
recovery studies were carried out three times over the specified concentration range of 50%,
100% and 150% levels. The amount of Vildagliptin was estimated by measuring the peak

area ratios by fitting these values to the straight-line equation of calibration curve. From the
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above determmation. percentage recovery and standard deviation of percentage recovery

were calculated.
5. Results and Discussion

The procedure was optimized with a view to develop an accurate and precise HPLC method
in tablet dosage form using Altima C18 column (150 mm x 4.6 mm, 5 pm) in isocratic mode
with mobile phase composition of dilute orthophosphoric acid solution pH 2.6:+0.5 as buffer
and acetonitrile (72:28 v/v) and pH adjusted to 2.6 with orthophosphoric acid. The use of
dilute orthophosphoric acid and acetonitrile in the ratio of 72:28 v/v resulted in peak with
good shape and resolution. The flow rate was 1.0 ml/min and the drug component was
measured with UV detector at 266 nm. The results of optimized HPLC conditions were
shown in Table 1. The method was linear in the range of 25 to 150 pg/mL for Vildagliptin
with correlation coefficient of 0.999.
The  regression  equation  of Vildagliptin, concentration over its peak area ratio
was found to be Y=13426X+7399, where X is the concentration of Vildagliptin and Y is the
respective peak area. The linearity results were shown in Table 2 and the linearity curve was
shown in Fig. 2. The % recovery was found to be 99.73% for Vildagliptin, which indicate
the method is accurate. The results of recovery studies were shown in Table 3. The
9%RSD for intra-day precision and inter-day precision for Vildagliptin were found to be 0.30
and 0.62. the values were less than 2% which indicate the method is precise. The results of
precision studies were shown in Table 4.

The retention time of Vildagliptin was 3.258 min. The number of theoretical plates was 3529

and tailing factor was 1.28 for Vildagliptin, which indicates efficient performance of the
column. The limit of detection and limit of quantification for Vildagliptin were found to be
0.06 pg/ml and 0.21 pg/ml, which indicate the sensitivity of the method. The summary
of system suitability parameters and validation parameters. Validated method was applied for
the determination.of Vildagliptin in commercial formulations. The %assay was found to be
99.88% for Vildagliptin and the assay results were shown in Table 6. Typical chromatogram
of drug Vildagliptin was shown in Fig. 3. No interfering peaks were found in the
chromatogram of the formulation within the run time indicating that excipients used in the

formulation did not interfere with the estimation of the drug by the proposed HPLC method.
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Parameter Condition
Mobile phase Dilute orthophosphoric
acid: acetonitrile (72:28 v/v)
pH 2.6 =5l
Diluent Water




Column
S pum)

Column temperature

Wave length

Injection volume

Flow rate

Ambient
266 nm

10l

Run time

7 min

Altima C18 column (150 mm x 4.6 mm.

1.0 ml/min

Retention time

3.258 mi

n

Linearity results of Vildagliptin

Concentration in pg/ml Area
25 343913
50 685732
75 1013810
100 1347391
125 1682700
150 2038528




Recovery results of Vildagliptin

{ Mean recovery

99.67%
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System suitability and validation parameters of Vildagliptin

Parameter Results
Linearity range (pg/ml) 25-150
Slope 13426
Intercept 7399
Correlation coeflicient 0.999
Theoretical plates (N) 3529
Tailing factor 1.28
LOD (pg/ml) 0.06 g
0

LOQ (pg/ml)
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6. Financial Statement

4.00.000 was received from the Spechrom Solution for the project

Certified that a grant of R
of Vildagliptin in

titled " HPLC Method Development and Validation for the Estimation
Pharmaceutical Dosage Form " The amount has been utilized as per the approved budget

and guidelines

' Sr.No. | Particulars Expenditure Incurred
1 Equipment 2 75,000
2 Chemicals 2 1,20,000
3 Travel 275,000
4 Contingency 2 1,30,000
Total Z4,00,000

7. Conclusion

Proposed study describes new HPLC method for the estimation of Vildagliptin in tablet

formulation. The method was validated and found to be simple, sensitive, accurate and

precise. Percentage of recovery shows that the method is free from interference of the

excipients used in the formulation. Therefore, the proposed method can be used for routine

analysis of estimation of Vildagliptin in its tablet formulation
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e Summary

The quality, safety, and efficacy of pharmaceutical dosage forms depend significantly on the stability of
active pharmaceutical ingredients (APIs). Aminocaproic acid, a widely used antifibrinolytic agent, is prone
to degradation under various stress conditions. Stability-indicating analytical methods are crucial for

monitoring these changes and ensuring regulatory compliance.

This project aims to develop and validate a robust RP-HPLC method for aminocaproic acid that is capable

of detecting and quantifying the drug and its degradation products, thereby ensuring reliable quality control

and stability assessment.
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Detailed Report

Introduction
.1 Introduction to the Antifibrinolytics:

Fibrinolysis is a ph_\'si('\logic component of haemostasis that functions to limit clot formation. However,
after tissue injury associated with trauma or surgery, ischemia and reperfusion, blood contact with large
non-endothelial surfaces such as cardiopulmonary bypass (CPB) circuits, or as a contributing factor in
other haemostatic disorders, excessive fibrinolysis may contribute to coagulopathy, bleeding, and
inflammatory responses. Therefore, antifibrinolytic agents are increasingly used to reduce bleeding,

allogeneic blood administration, and adverse clinical outcomes.

The two mainstay antifibrinolytic agents are the synthetic lysine analogues tranexamic acid and
aminocaproic acid that use as antifibrinolytic. Antifibrinolytic agents are effective even when bleeding

is not associated with laboratory sings of excessive fibrinolysis.
1.1.1 Antifibrinolytic, mechanisms:

Antifibrinolytic agents are bind reversibly to plasminogen interfere with lysin-binding sites on

plasminogen. So, Antifibrinolytic block the binding of plasminogen to fibrin and its activation and

transformation to plasmin.

1.1.2 Uses of Antifibrinolytic:

« Gastrointestinal Bleeding

* Bleeding in the urinary tract

« Liver transplantation

« Control of Mucosal in High-risk patient
1.1.3 Adverse Effect of Antifibrinolytic:

« Stroke,
« Moyocardial infarction

« Coronary-bypass graft occlusion
« Venus and arterial thromboembolism

1.2 High Performance Liquid Chromatography (HPLC): ¥

\'\,GE 8s)

Nowadays High-performance liquid chromatography [HPLC] is the one of the mostfoyetiu

s
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aple that can be dissolved in a liquid. And due to high performance liquid chromatography

sounds in trace concentrations as low as parts per trillion [ppt] can be easily be identified.

(PLC can be applied to many samples such as pharmaceuticals, food, nutraceuticals, cosmeties,
cnvironmental matrices, forensic samples, and industrial chemicals. In HPLC system commonly used
solvents include any miscible combinations of water or various organic liquids and the most common
are methanol and acetonitrile. Water may contain buffers or salts to assist in the separation of the analyte
components or compounds such as trifluoroacetic acid which acts as an ion pairing agent. HPLC is used
cither in the liquid-solid adsorption chromatography mode or the liquid-liquid partition chromatography

mode. either normal or reversed phase.
1.2.1 Types of HPLC: 49

The principal characteristic defining the identity of each technique is the dominant type of molecular
interactions employed. There are three basic types of molecular forces: ionic forces, polar forces and

dispersive forces.
There are four main types of HPLC techniques are:

1. Normal Phase HPLC

Normal Phase Chromatography is a powerful complement to the more popular reversed-phase high
performance liquid chromatography (RP-HPLC) method for separating non-ionic compounds with
moderate molecular weight. In this method, the stationary phase more polar than the mobile phase.
Liquid chromatography system includes stationary phases as unmodified silica and other solid
adsorbents (adsorption chromatography) and polar bonded phases (normal partition chromatography).
All these phases are operated with no aqueous, non-polar or moderately polar mobile phase; Introduction

this is an advantage because of the high solute solubility in totally organic solvents.

2. Reverse Phase HPLC

In Reverse Phase chrqmatography stationary phase is non-polar and mobile phase is polar in nature
Reverse Phase Chromatography is the first choice for most regular samples. It is more convenient and
rugged than other forms of liquid chromatography and is more likely to result in satisfactory final
separation. High Performance Reverse Phase Chromatography columns are efficient, stable detection is
obtained easier in the Reverse Phase Chromatography especially by UV detection because of the solvent
used, though many organic compounds have limited solubility in aqueous mobile phase that is not a
practical limitation because only small amount of sample is injected.

> Separation mechanism of HPLC: J
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¢on or liquid-liquid chromatography
.dsorption or liquid-solid chromatography
) Ton - exchange or ion chromatography
d) Size - exclusion chromatography
¢) Affinity chromatography
1.3. Application of HPLC: ¢

The High-Perfonnancé Liquid Chromatography is most widely used for analysis of various forms of
dosage form like capsules, tablets, bulk drug, suspension and other solid and liquid dosage forms. And

also having the following application.
* For drug in biological samples
« In biotechnology
« For analysis of surfactant
» For chiral pharmaceutical analysis
» Inorganic chemistry
« For the separation of metabolites of nucleic acid in physiological Fluid
» In food and nutritional analysis
« In physicochemical measurements
» Analysis of organic pollutants in water matrices
» For polymer analysis
« Analysis of ions and inorganic species
1.4 Introduction to Stability Indicating Assay Method: (%19

“It is defined as validated quantitative analytical method that can detect changes with time in chemical,
physical or microbiol(;gical properties of drug substance of drug substance & products & that are

specific, so that contents of active ingredient in degradation products & other components of interest,

can be measured without interference.”

According to FDA guidelines, a stability indicating assay method is defined as

A




ated analyticalprocedure that accurately and precisely measure active ingredient drug substance
cug product free from potential interference like degradation product, process impurities,
jpients, or other potential impurities, and the FDA recommends that all assay procedure for stability

udies be stability indicating.™
1.4.1 Classification of Stability indicating assay method
» Specific Stability indicating assay method
« Selective Stability indicating assay method
1) Specific Stability indicating assay method:

» A technique that is able to measure drug in presence of all degradation product, excipient and

additives expected to be present in the formulation.

. 2) Selective Stability indicating assay method

« A technique that is able to measure the drug and all degradation products in presence of

excipients and additive expected to be present in formulation.
1.4.2 Development of validated Stability Indicating assay method (!9

1. Study of drug structure to assess the likely decomposition route

2. Collection of information on physicochemical properties of drug

3. Stress Studies

4. Preliminary ;eparation studies on stressed samples

2 5. Final method development and optimization

6. Identification and characterization of degradation products, and preparation of standards
7. Validation of stability indicating assay method

1.4.3 Purpose of stability testing: ('

“Stability testing provide evidence on how the quality of drug substance or drug product varies with time
under the influence of a variety of environmental factors such as temperature, humidity, and light.” The
degraded medication item give data into potential contamination or medication that might be created
during stability testing: Stability testing permit the foundation of prescribed storage condition, retest
period and shelf-lives. Forced degradation studies can likewise be utilized into rapidly asses packaging

material similarity or sensitives.

1.5 Introduction to Analytical Method Validation: 19
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dation of an analytical method is documents which provide a high degree of assurance that the
cen method will consistently produce a product meeting its predetermined specification and quality

attributes.”
Purpose of validation:

» To recognize technique is appropriate for its intended purpose to get predictable,

dependable and exact information.

« Satisfy FDA Requirements.

» Establish evidence that strategy can be used for decision making.
» Identification of sources and measurements of potential error.

« As per the International Conference on Harmonization (ICH) guidelines, the various

parameters are specificity, accuracy, precision, LOD, LOQ, linearity, range and robustness
2.Literature Review

2.2 Aminocaproic acid

2.1.2 Official Method of Aminocaproic acid

Sr. | Pharmacopoeia | Method & Description Ref.

1 USP 31 RP-HPLC Method 17
Mobile Phase: Buffer : Methanol (65:35 % v/v)

Buffer Preparation: 2 gm of monobasic sodium
heptanesulphonate in 1 L water. Add 1 mL
triethylamine. Adjust pH 2.2 with orthophosphoric
acid.

Stationary Phase: Legacy L1 (4.6 mm, 150 mm)
Flow Rate: 0.7 mL/min

Detection Wavelength: 210 nm

Injection Volume: 20 pL




o

USP 39

Titrimetric Method

Mode: Direct titration

Titrant: 0.1 N perchloric acid indoxane

Sample solution: 500 mg Aminocaproic acid + 100
mL Glacial acetic acid

Indicator: 1 in 500 solution of Crystal violet in
chlorbenzene

Detection: Colourless to blue colour

18

2.1.2

Reported Method for Aminocaproic acid.

Title

Method & Description

Ref.

Structure  elucidation

and quantification of

impurities formed
between 6-
aminocaproic acid
and the excipients

citric acid and sorbitol
in an oral solution

using high-resolution

mass spectrometry
and nuclear magnetic
resonance

spectroscopy

HPLC-UV Method

Mobile Phase: 10 mM ammonium in water

(pH=6.8) : Acetonitrile (40:60) % v/v
Stationary Phase: Thermoscientific
Acclaim™ Mixed-Mode WAX-1 column
(150%3.0nm, 3pm)

Flow Rate: 0.5 mL/min

Detection Wavelength: 210 nm

HPLC-Mass Method
HPLC: Mobile Phase: A) 0.1% Formic

acid (v/v) B) 0.1% Formic acid in 90%

Acetonitrile (v/v)

Stationary Phase: Phenomenex synergi

Hydro-RP column (250x4.6nm, 4pum)
Flow Rate: 0.5 mL/min

Detection Wavelength: 210 nm
Mass: Capillary Temp.: 370°C
Capillary Voltage: 3.30 kV

Sheath gas: 25

19

A




Auxillary gas: 10
S-lens RF level: 50
Resolution in full scan: 70,000

Mass Range: 100-600 m/z

Determination of
Aminocaproic  Acid
Injection by Raman
Spectroscopy

Combined with

Spectral resolution: 2 cm’!

Semiconductor laser: 780 nm

Semiconductor power: 24 mW

Aperature slit: 25 pm

2 Assay of _HP 20
Aminocaproic Acid in [ Mobile Phase: Methanol : water: acetic
Dosage  Forms by | geid:  triethylamine (60: 38: 1.5 :0.5)
Reversed Phase High | ogv/v/v
Performance  Liquid
Chromatography with Stationary Phase: Econsphere Cig
Dansylation Flow Rate: 1.5 ml/min
Detection Wavelength: 335 nm
3 Development and | Colorimetric Method 21
alidation of Detection Wavelength: 540 nm
Sl ethod Linearity Range: 0.2-1.0 mg/ml
o S e e Correlation coefficient: 0.9986
of Aminocaproic acid
in bulk and
pharmaceutical
formulation
4 Development of | Colorimetric Method 22
Spectrophotometric
Detection Wavelength: 390 nm, 530 nm
Method for the Assay
of Aminocaproic Acid | Linearity Range: 4-20 pg/mL
in Dosage Forms
Using Ascorbic Acid
5 Rapid and Sensitive | Raman Microspore Spectrometer 23
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Chemometric Models

3.0bjectives of the work

1. To develop stability indicating RP-HPLC method for estimation of Aminocaproic acid in tablet
dosage form
2. To perform forced degradation study in different degradation condition.

3. To perform validation parameter of RP-HPLC method according to ICH Q2 (R1) guidelines

4.Methodology

4.1 EXPERIMENTAL WORK:

Identification of drug

Identification of standard Aminocaproic acid was carried out by melting point study and infrared
spectroscopic study.

Checking melting point:

Melting point of Aminocaproic acid was check by using melting point apparatus. Melting point

of Aminocaproic acid is show in below table.

Table: 4.1 Melting Point of Aminocaproic acid

Name of drug Standard melting range Observed melting range

Aminocaproic acid 207°-209°C 206°-210°C

IR spectra determination:
e An individual pellet of the drug and KBr (Spectroscopic grade) was prepared using
hydraulic pellet press at a pressure of 7-10 tones. FT-IR was scanned from 400-4000 cm™.
Peak observed-were shown in IR spectra of each drug.

e IR spectra of Aminocaproic acid(Figure:6.1) was compared with their reference standard

LR. spectra (Figure:5.2) and all spectra were matched with their respective reference standard

spectra.
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o Principle IR peaks were observed for Aminocaproic acid is shown in Table 5.2 and from

this data it was concluded that drug was found to be authentic.
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Table 4.2: IR interpretation of Aminocaproic acid data @9

Compound Functional Group | Reported frequency | Observed frequency
Parameter (em™) (cm™)
C=0 1680-1630 1652
IR (cm™) O-H 3400-2400 3020
CH 2960-2850 2851
(Stretching)
CH> (Aliphatic) 1465 1470
(Banding)

4.2 STABILITY INDICATING RP-HPLC METHOD DEVELOPMENT AND
VALIDATION OF AMINOCAPROIC ACID IN TABLET DOSAGE FORM
3.1.2 Instrument and apparatus:
» Melting Point Apparatus (Electro lab)

FT-IR Instrument (ABB MB 3000)
UV- Visiblte double beam spectrophotometer (Shimadzu UV — 1800)

\%

HPLC (Water alliance equipped with PDA and UV detector)

7 Y\

Analytical balance (Shimadzu AEU-210)

v

pH meter (Metrohm)

Digital ultra-sonic cleaner (LABMAN — LMCU series)

Glass ware: Volumetric flask of 10, 20, 100, 250 mL (Borosile), Beaker of 250
and 500 mL (Borosile), Pipette of 1, 2, 5 and 10 mL (Borosile). Measuring cylinder of

Y/

10, 50, 100 and 1000 mL (Borosile).

4.3 Materials, Chemicals and Reagents:

Following materials, chemicals and reagents are used for research work.

Table 4.3: Materials



Sr. No. Material name Source
1 Aminocaproic acid Emcure pharmaceutical

Limited

Table 4.4: Chemicals and Reagents

Chemicals T Grades —WW
Methanol HPLC Fisher scientific
Water HPLC Mili Q
. Orthophosphoric acid EMPARTA Merck
Triethalamine HPLC Merck
Monobasic Potassium EMPARTA Merck
phosphate
Heptane sulphonate HPLC Specroclem
monohydrate sodium salt
Hydrochloric Acid AR Merck
, Sodium Hydroxide EMPARTA Merck
Hydrogen Peroxide EMPARTA Merck
4.3.1 Marketed Formulation:

Table 4.5: Marketed Formulation

Brand Name Amicar
; Company Name Clover pharmaceuticals Corp.
Label Claim 500 mg
4.3.2 PR_E[’ARATION OF SOLUTION: 5 "




4.3.2.1 Preparation of stock solution (1000 ng/ml):
<arately weighed and transfer 100 mg of Aminocaproic acid in 100 ml. elean and dry volumetric
Jask. 70 ml of diluent (water and Methanol in ratio of 80:20 v/v) added to dissolve the drug. Make up

(he volume up to mark with diluent and mix well.

4.3.2.2 Preparation of Standard solution of Aminocaproic acid (500 pg/mL):

An aliquot S0 mL of sthlinn was transfer into 100 mL of volumetric flask and volume adjusted up to

mark with diluent and mix well.

4323 Preparation of sample solution:
Accurately weigh 20 tablets and determine the average weight. Accurately weigh and transfer 10
tablets equivalent to 500 mg in to 250 ml volumetric flask. Add 150 ml of diluent to it, sonicate for 30

minutes with intermittent shaking. Allow to attain room temperature. Dilute up to mark with diluent

and mix well. Filter the solution through PVDF 0.45p syringe filter by discarding initial 5 ml of
filtrate and collect remaining filtrate as sample. Transfer

5.0 ml of this solution in to 20 ml volumetric flask. Dilute up to mark with diluent and mix well.

4.3.3 SELECTION OF WAVELENGTH FOR DETECTION:

Standard solution of Aminocaproic acid 500 pg/mL was prepared for selection of wavelength

for detection.

Preparation of this solution 5 mL of stock solution was transfer into 10 mL volumetric flask and
volume adjusted up to mark with diluent (water and Methanol in ratio of 80:20v/v) and mix well.
(as per section 5.2.4.1) for the selection of the wavelength and scanned between 200-400 nm in
UV-Visible double beam spectrophotometer at medium scanning speed. Spectra taken which was
used for selection of wavelength for detection it was showed responsibly good response at 210

nm. So, 210 nm was selected as wavelength for estimation of Aminocaproic acid. (Figure: 6.1)

4.3.4 SELECTION AND PREPARATION OF MOBILE PHASE:
4.3.4.1 Selection of mobile phase:

For selection of mobile phase the standard solution of Aminocaproic acid injected into HPLC
system and run into solvent system. Various composition of mobile phases was shown in Table:
7.1 trial in order to find the best conditions for separation of these drugs. Finally, the optimal

composition of mobile phase was determined to be Phosphate buffer: Methanol (65:35 v/v) adjust

buffer pH 2.2 with orthophosphoric acid solution.

Preparation of mobile phase:

e Buffer (pH 2.2): Dissolve 2 gm of monobasic potassium phosphate and 1.0 gm of,




heptane sulphonic acid sodium salt monohydrate in 1000 mL of water and mix well. Add

| ml of triethylamine into it. Adjust the pH of this solution to 2.2 with orthophosphoric

acid solution. Filter the resulting solution through 0.45 p nylon membrane filter.

Preparation of mobile phase: Buffer and Methanol in ratio of 65:35 Yovlv.

4.3.5 CHROMATOGRAPHIC CONDITIONS:

Stationary phase: Inertsil Cg-3 (250 mm x 4.6 mm, 5pm)
Maobile phase: Buffer: Methanol (65:35 v/v)

Flow rate: 0.7 mL/minute

Column oven temperature: 40°C

Injection volume: 20 pL

Detection: 210 nm

Run time: 20 minutes

4.3.6 METHOD VALIDATION:

4.3.6.1 Specificity:
4.3.6.1.1 Interference from blank:
Inject blank solution, standard solution of Aminocaproic acid once, sample preparation once and

check the peak purity angle and peak purity threshold of Aminocaproic acid in standard and

sample preparation. (Table 6.2)

4.3.6.1.2 Interference from degradation product by stress study:

Standard preparation and sample preparation shall be subjected to acid, base, oxidation, photo,

thermal degrada'tion. The stress condition shall be adjusted such that minimum 5-10%

degradation achieved in at least two conditions. For each degradation condition
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jank solution prepared accordingly. Inject separately blank, standard solution and sample
solution for each degradation. Final concentration for each degradation preparation will remain
same as per test procedure. Check for separation of degraded product from main peak. Check

peak purity angle and peak purity threshold of Aminocaproic acid all the degraded preparation.

4.3.6.1.2.1 Degradation conditions:
2. Acid degradation: Exposed sample in 5 mL 1 N HCI at 80°C in water bath for

2hours.
3. Base degradation: Exposed sample in 5 mL 1 N NaOH at 80°C in water bath for 2

hours.

4. Peroxide degradation: Exposed sample in 5 mL 30 % v/v H2O, at room

. temperature for 22 hours.
5. Photo degradation: Exposed sample to 1.2 million Lux hours fluorescent light and

200-watt hrs/m? in UV chamber for 24 hours.
6. Thermal degradation: Exposed sample to 60° C for 2 hours in hot air oven.
4.3.7 ESTIMATION OF AMINOCAPROIC ACID IN THE MARKETED
FORMULATION BY THE PROPOSED RP-HPLC METHOD:

The marketed formulation, Aminocaproic acid was analysed by using the developed method.

Inject diluent as blank, standard preparation and sample preparation and calculate the assay (table
6.25)

For preparation of sample solution: Accurately weigh and transfer as completely as possible, the content
of 20 tablets to a suitable container and determine the average net content per tablet. Transfer sample
powder equivalent to 500 mg of Aminocaproic acid into 250 mL volumetric flask. Add about 150 mL
diluent. Sonicate for 30 minutes with intermittent shaking. Allow the solution to attain room
temperature and dilute to volume with diluent and mix well. Filter the solution through PVDF 0.45p
syringe filter by discarding initial 5 ml of filtrate and collect remaining filtrate as sample. Transfer 5.0
ml of this solution in to 20 ml volumetric flask. Dilute up to mark with diluent and mix well
Chromatogram was recorded using chromatographic condition mention above. Chromatogram of
sample showed peaks at Rt 6.8 mins for Aminocaproic acid. The area of Aminocaproic acid was

measured, and amount of drug was calculated using respective regression equation.

s




«ults and Discussion

tability indicating RP-HPLC method development and validation of aminocaproic acid in tablet

dosage form

5.1 Selection of wavelength for detection:
Preparation of solution for detection of wavelength as per 5.2.5

It was found that Aminocaproic acid shown good response at 210 nm. So 210 nm

was selected as wavelength of estimation.

| ‘\ / Detection wavelength
210 nm

/
| B PR A T

Figure 5.1: Spectra of Aminocaproic acid (500pg/mL) for selection
of wavelength for detection (200-400 nm)

5.2 Selection of stationary phase:
Inertsil Cs-3, 250 mm * 4.6 mm column of Sum particles packing was preferred as
stationary phase for method development and this configuration provide a large

number of theoretical plates with good peak shape.

5.3 Selection of mobile phase:

Resolution is most important criteria for method, it is imperative to achieve good
resolution among the compounds. The standard solution Aminocaproic acid was
injected into HPLC system and run into solvent system. Various composition of
mobile phases shown in Table 7.1 were tried in order to find best condition for
evaluation drug. Trial was done based on literature review. Finally, the optimum
composition of mobile phase was determined to be Phosphate buffer: Methanol
(65:35 v/v) adjust buffer pH 2.2 with orthophosphoric acid solution. Flow rate was

adjusted to 0.7 mL/min. For chromatographic condition see section 5.2.7.




able 5.1: Observation and Remarks of trials taken for selection of mobile phase

Sr | Mobile phase Ratio | Retention | Observation Remarks

No. time

1 Monobasic sodium | 65:35 | 6.7min | Sharp peak was | No
heptane sulphonate not observed satisfactory
methanol (pH 2.2)

2 Phosphate buffer | 65:35 | 6.8 min Good peak shape Tailing 1.29
(pH 2.2): Methanol was obtained

Interference from blank: The peak

purity match factor for the main peak in standard preparation and

sample preparation was determined and recoded in Table 6.2
aces |
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Figure 5.2: Chromatogram of blank preparation at 210 nm.
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Figure 5.3: Chromatogram of Aminocaproic acid standard (500 pg/mL)

at 210 nm.
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Figure 5.4: Chromatogram of sample preparation at 210 nm.

Result: The peak purity match factor for main peak in standard preparation and in

sample preparation was determined and recorded in Table 6.2

Table: 5.2 Data indicating peak purity angle and purity threshold of

Aminocaproic acid

Sample Peak Purity Angle Peak Purity Threshold
Standard preparation 0.230 0.416
Sample preparation 0.199 0.396

Acceptance criteria:

1) There should not be any interference from blank with the main peak.

2) Peak purity angle for Aminocaproic acid is less than peak purity threshold in
sample solution which implies that peak purity is passed.
5.4 Estimation of Aminocaproic acid in the marketed formulation by the proposed
RP-HPLC method:
. Applicat;ility of the proposed method was tested by analysing the commercially
available formulation AMICAR ® Tablet. The assay data are shown in the Table 6.25.
« The assay results were comparable to labelled value of each drug in tablet

formulation. These results indicate that the developed method is accurate, precise,

industries.
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Table 5.4: Analysis of Marketed Formulation AMICAR @ Tablet (n=5)

Amount present in one tablet

500 mg

Amount found in assay

496.08

498,66

oY 49851

496.15

498.51

Mean amount found £ SD

497.58 + 1.343795

% RSD

0.27

% Assay

99.51

97.0%-103.0%

Standard Limit

5.4.1 Validation summary: All the validation parameters are shown in Table 6.26.

Table 7.26: Summary of validation parameters

Validation parameter

Aminocaproic acid

Linearity

250-750 pg/mL

Accuracy ( % Recovery) n=3

99.79-99.92 %

Precision ( % RSD)

Repeatability (n=6) 0.09
Intraday (n=3) 0.28 - 0.60
Interday (n=3) 0.70 - 0.84
LOD (pg/mL) 5.83

17.66

LOQ (pg/mL)

Robustness ( % RSD)
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(” 0.5 ml/min 0.04
‘ 0.9 ml./min 014 e
= LI 0.04 N
R T

RO PH LA 0.06

~ 24pH T 0.03

208 nm 0.38

212 nm 0.94
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e Executive Summary

The priority of this study is to develop a reliable and accurate analytical method for the
estimation of Bilastine, a second-generation antihistamine, in both bulk and tablet dosage
forms, ensuring quality control in pharmaceutical formulations. Method development involves
selecting appropriate analytical techniques such as UV-Visible Spectrophotometry, HPLC, or
HPTLC. Validation focuses on assessing the accuracy, precision, specificity, sensitivity,

linearity, and robustness of the developed method to comply with pharmacopeial standards.




*  Detailed Report
LiIntroduction:
Bilastine is a second-generation antihistamine primatily used for the treatment of allergic
rhinitis and urticaria (hives). 1t works by Blocking histamine receptors in the body, which helps
in reducing allergic symptoms without causing significant sedation. a common dide effect of
first-gencration aftihistamines, As with all pharmaceutical products, it is essential to ensure that
Bilastine in bulk and in tablet formulations is accurately measured to maintain the efficacy and
safety of the drug.
The development of a reliable and precise analytical method for the estimation of Bilastine is
crucial for its quality control. especially in the pharmaceutical industry. The need arises from
the necessity to quantify the active pharmaceutical ingredient (API) in both bulk drug
substances and in tablet formulations, ensuring consistent therapeutic effectiveness. Analytical
methods must also be validated to ensure they meet regulatory requirements, such as those set
by the US. Food and Drug Administration (FDA) and the International Council for
Harmonization (ICH). which stipulate strict guidelines for method accuracy, precision,
sensitivity, and robustness.
Common analytical techniques used for such purposes include High-Performance Liquid
Chromatography (HPLC), UV-Visible Spectrophotometry, and High-Performance Thin-Layer
Chromatography (HPTLC). These methods offer advantages in terms of accuracy, sensitivity,
and reliability. and they are validated to ensure that the methods meet specific criteria such as
linearity. precision, and reproducibility.
Developing and validating such methods not only ensures the proper dosage of Bilastine in
tablet forms but also guarantees that the drug meets the required pharmacological standards for

safe and effective patient use.

2.Literature Review
Bilastine is a seCond-generation H-antihistamine used in the treatment of allergic rhino
conjunctivitis and urticaria. It exhibits high selectivity for peripheral Hi-receptors, minimal
penetration into the central nervous system, and a favourable pharmacokinetic profile. Due to
its increasing use in pharmaceutical formulations, a reliable, accurate, and validated analytical
method is essential for quality control and regulatory compliance.

Several studies have been conducted to establish methods for estimating Bilastine in both

and pharmaceutical formulations. High-Performance Liquid Chromatography (HPLC)

v

the most widely used analytical technique for its quantification due to its
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reproducibility, and specificity.

For instance, Mehta and Patel (2017) developed and validated a UV spectrophotometric
method for the estimation of Bilastine in bulk drug and tablet dotage form. Flowever,
spectrophotometric techniques often lack the specificity required in complex formulations
where excipients may interfere.

Rao et al. (20719) reported an RP-HPLC method for the determination of Bilastine in
pharmaceutical dosage form using a C18 column with UV detection. The method showed gond
lincarity and precision but had limitations in detecting impurities and degradation products.
Only a few stability-indicating methods have been developed for Bilastine. emphasizing the
need for comprehensive methods that can simultaneously quantify the drug and identify its
degradation behaviour under various stress conditions. Stability-indicating methads are
especially important to ensure the efficacy and safety of the drug throughout its shelf life.
According to ICH guidelines (Q2(R1)). any analytical method used in pharmaceutical quality
control must be validated for parameters such as specificity, linearity, accuracy. precision,
robustness, and limit of detection and quantification. Therefore, developing and validating a
simple. precise, and robust RP-HPLC method is essential for the routine analysis of Bilastine

in bulk and tablet dosage forms.

3.0bjectives
The primary objective of this study is:
. To develop and validate a reliable, specific, and accurate analytical method for the
quantitative estimation of Bilastine in bulk drug and tablet dosage form using RP-HPLC

in accordance with ICH Q2(R1) guidelines.

2. To select a suitable mobile phase, stationary phase, and detection wavelength for
optimum separation and quantification of Bilastine.
3. To develop a robust reverse-phase HPLC method for the determination of Bilastine in

its pure form and in tablet formulations.

4. To validate the developed method for parameters

5. To perform forced degradation studies to evaluate the stability-indicating nature of the
method.

6. To apply the validated method for the routine quality control of Bilastine in commercial

pharmaceutical products




4. Methodology:

1. Selection of Analytical Method

The first step is 1o select an appropriate analytical technique based on the properties of
Bilastine, such as solubility. stability, and chemical structure. The most commonly used
methods for Bilastine estimation include:

»  UV-Visible Spectrophotometry: This method relies on measuring the absorbance of
Bilastine at a specific wavelength.

*  High-Performance Liquid Chromatography (HPLC): HPLC is a widely nsed
method due to its high precision and ability to separate Bilastine from other components
in the sample.

» High-Performance Thin-Layer Chromatography (HPTLC): This method is suitable
for the separation and quantification of Bilastine in bulk and tablets.

For this study. the most suitable technique, such as HPLC or UV-Visible
Spectrophotometry, will be selected based on the drug's properties and the required
sensitivity.

2. Preparation of Standard Solutions

« For UV-Visible Spectrophotometry: A stock solution of Bilastine (usually 1000
pe/mL) will be prepared using a suitable solvent (e.g., methanol or water) and then
diluted to required concentrations for the calibration curve.

« For HPLC: A stock solution of Bilastine will be prepared in a mobile phase, ensuring
it is properly dissolved and stable.

« For Tablet Formulation: The powdered tablet sample will be prepared by accurately
weighing the equivalent of a single tablet, dissolving it in the appropriate solvent, and
filtering the solution.

3. Method Development

« UV-Visible Spectrophotometry: The wavelength of maximum absorption (A max)
will be determined by scanning the solution of Bilastine across a range of wavelengths
(e.g.. 200400 nm) to find the absorbance peak. The linearity of the method will be
studied by-preparing standard solutions at different concentrations and measuring the
absorbance.

¢ HPLC: A suitable stationary phase (e.g., C18 column) and mobile phase (¢.g., a

of acetonitrile and water or phosphate buffer) will be optimized. The Now rate, fi
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wavelength, and column temperature will be adjusted to achieve optimal separation and
quantification,

* HPTLC: The mobile phase will be selected based on Bilastine's polarity and the
stationary phase will be optimized for effective separation.

4. Method Validation

The developed analytical method will be validated according to standard guidelines (e.g..
ICH Q2(R1)) by evaluating the following parameters:

* Specificity: Ensuring that the method accurately measures Bilastine  without
interference from excipients or impurities in the formulation.

« Linearity: The method's ability to produce results proportional to the concentration of
Bilastine, determined by constructing a calibration curve over a specific concentration
range.

* Accuracy: The closeness of the test results to the true value, which is typically evaluated
by recovery studies (spiking known amounts of Bilastine into the sample matrix and
measuring the recovery).

» Precision: The degree of agreement between replicate measurements, which will be
evaluated by performing intra-day and inter-day precision studies.

« Sensitivity: The limit of detection (LOD) and limit of quantification (LOQ) of Bilastine,
determined by analyzing low concentrations and assessing the signal-to-noise ratio.

* Robustness: The method’s ability to remain unaffected by small variations in
experimental conditions, such as changes in mobile phase composition or temperature.

« System Suitability: Ensuring that all system parameters (e.g., column efficiency,
resolution, tailing factor) meet predefined specifications during HPLC analysis.

5. Analysis of Bilastine in Tablet Dosage Forms
Once the method is developed and validated, it will be applied to the estimation of
Bilastine in commercial tablet formulations. The tablets will be powdered, and a known
quantity of the powder will be dissolved in an appropriate solvent. The solution will be
filtered, and the concentration of Bilastine will be determined using the developed
method (UV, HPLC, or HPTLC).

6. Statistical Analysis
Data from method validation, including calibration curves, precision, and accuracy

studies, will be analyzed statistically to ensure the reliability of the developed metl

Methods such as linear regression analysis, standard deviation, relative
deviation (RSD), and recovery percentage will be used to interpret the results
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S.Result and Discussion:
Selection of wavelength for measurement:
To determine Wavelength for measurement. standard spectra of Bilastine was scanned between
200-400nm. It is evident that Bilastine show an absorbance at 215nm respectively. The
schematogram for standard and test Bilastine were shown in figure 2 and 3.

®  Optimized Chromatographic Condition: HPLC System: 1.C 2010 CHT (Shimadzu)

*  Column: C18 Waters (150mm x 4.5mm. Spum)

® Mobile Phase: ACN: Ammonium acetate (pH 5.0 adjusted with glacial acetic acid)

(85:15 %v/iv)

e  Flow rate: 1.0mlI/min Detection Wavelength: 215nm Injection volume: 20pul.

e  Column oven temperature: Room temperature

e Runtime: 10 min

e Diluents: Methanol
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Figure: 2 Chromatogram of Bilastine Standard (100pg/ml)
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Figure: 3 Chromatogram of Bilastine Standard (100pg/ml)

Results of forced degradation study:

From degradation study it was found that Bilastine was marginally degraded in acid and
oxidative conditions and stable in alkali, neutral, thermal, and photolytic conditions.

Results of forced degradation study was shown in table 1.
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Table: 1 Result of Forced Degradation Study of Bilastine

| St.No. | Stress fype Condition | No. of ' Yo
peaks | Degradation
1 | Acid 2 N HCl at 80°C |1 7.25 ]
« Hydrolysis for 30 min.
2 | Al |2 N NaOH at
Hydrolysis 80°C for 2 hr.
?“4 “Neutral H20 at 8()“('Ii\r 2 - 7 ]
“ Hydrolysis hr,
?Tzﬁ | Oxidative | 10% H202 at 80°C | 1 B T
‘ Degradation for 30 min,
5 Thermal At 70°C for 8 hr. . -
Degradation
6 Photolytic UV 254 nm for 24 | - -
_ Degradation hr.

Linearity and Range:
The linearity range for Bilastine was found to be in the range of 25-150pg/ml. Linearity

shown in the “Fig. 4.” And linearity data are shown in table 3.
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Figure: 4 Calibration curve of Bilastine

Precision:

The %RSD of Intra-day and Inter-day for bilastine was found to be 0.64 to 0.81 and
0.14 1o 0.32 respectively.

Accuracy:

of bilastine at three level (80% - 120%) of standard addition. Percentage rec
Bilastine was 99.56 - 101.06%, shown in table 2.
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Table: 2 Result of Accuracy study for Bilastine

; Level Test cone, | St L Amt of found £ | %

}i (ng/ml) cone, ) Recovery

| | (g/ml) | i

il 80% S0 40 “ 80691087 99.66

| - 100% S0 50 101.0640.76 101.06
\l' 120% | 50 60 109.5241.10 99.56

Limit of Detection and Limit of Quantitation:

LOD and 1.OQ was found to be 0.45ug/ml and 1.20 pg/ml respectively.

Robustness:

The typical variations studied under these parameters are flow rate, mobile phase
composition, column temperature, change in pH. According to data comparison develop
method was robust.

Analysis of marketed formulation:

Applicability of the proposed method was tested by analysising the available tablet
formulation BYLOZA.

All method validation parameter of bilastine results were shown in table 3.

Table 3: Validation Parameter of Bilastine

Sr. No. Parameter Bilastine
1. Linearity Range 25-150 pg/ml
2 Regression Line equation Y=27691x+
914034
3, Correlation co-efficient o 0.99
4, Precision (%RSD) R
: Intra-day Precision 0.637-0.807

Inter-day Precision ©0.140-0.325

5 Accuracy (%Rccovcxr';)r 7 99.78-100.53
6. Limit of l');l;clir(;n({(g/lill) 0.41
7 li.i];ilia:(_')[mn’liﬁculidn(ug/ml) 1.25

s s il Y% Assay 101.1
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{ 9. J Robustness (% RSD of Assay) | 0.85

*  Expected Outcomes:
Reliable Analytical Method: A validated and robust analytical method (e.g.. UV-Visible
Spectrophotometry. HPLC, or HPTLC) for the accurate estimation of Bilastine in both bulk
and tablet dosage forms will be developed. This method will provide reliable results in routine
quality control analysis,
Optimal Analytical Conditions: Identification of optimal experimental conditions for the
chosen analytical technique. such as the correct solvent, wavelength (for uv
spectrophotometry). mobile phase composition (for HPLC), or stationary phase (for HPTLC),
will be determined. ensuring maximum accuracy and reproducibility.
Validated Method: The developed method will be validated according to ICH or other
regulatory guidelines. ensuring that it meets criteria for:

Specificity: The method will accurately measure Bilastine without interference from

.
excipients or impurities.

« Linearity: The method will exhibit a linear response over a defined concentration range,
allowing precise quantification of Bilastine.

« Accuracy: The method will provide recovery rates within acceptable limits when spiked into
formulations, confirming its ability to accurately estimate the drug content.

« Precision: Intra- and inter-day precision tests will show low variability in the results,
demonstrating the repeatability of the method.

« Sensitivity: The method will have sufficient sensitivity with determined limits of detection

(LOD) and quantification (LOQ) to measure low concentrations of Bilastine.

« Robustness: The method will prove to be robust, with small changes in parameters (e.g.,
temperature or pH) not significantly affecting the results.
Accurate Estimation of Bilastine in Tablets: The developed method will be successfully
applied to the quantification of Bilastine in commercial tablet formulations, yielding results
that are consistent with the label claim, ensuring quality control and product consistency.
e Method Applicability for Routine QC: The validated method will be suitable for routine

quality control analysis of Bilastine in both bulk drug substances and tablet dosage formg

in pharmaceutical settings.
« Compliance with Regulatory Standards: The developed and validated method v
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international regulatory standards (such as those set by the FDA or ICH). ensuring it is
acceptable for use in pharmacentical analysis and can be applied for regulatory submissions
or manufacturing processes,
*» Data Integrity and Statistical Validation: Statistical analysis will confirm the method's
reliability and robustness, with all validation parameters (e.g.. linearity, accuracy. precision.
and recovery) meeting the required acceptance criteria, ensuring data integrity and
consistency.
e Impact:
Improved Quality Control in Pharmaceutical Industry: The development and validation of a
reliable analytical method for estimating Bilastine in both bulk and tablet dosage forms will
significantly enhance the quality control processes within pharmaceutical manufacturing. This
ensures that the final product consistently meets the required potency, safety, and quality
standards, thereby reducing the risk of underdosing or overdosing patients. Regulatory
Compliance: The validated method will meet the regulatory requirements set by authorities such
as the U.S. FDA. EMA. and ICH. This is crucial for pharmaceutical companies to ensure their
products are in compliance with international standards, enabling smoother regulatory approval
and market access for Bilastine formulations. Enhanced Therapeutic Efficacy: Accurate
estimation of Bilastine in tablet dosage forms ensures that the correct dosage reaches patients,
maintaining the drug's therapeutic efficacy. This contributes to the effective treatment of
allergic conditions such as rhinitis and urticaria, improving patient outcomes and overall public
health. Cost-Effectiveness for Manufacturers: With a validated, reliable analytical method in
place, pharmaceutical manufacturers can reduce the need for more expensive and time-
consuming testing methods. The consistency and accuracy of the developed method can
streamline production processes and reduce batch rejection rates, leading to cost savings in
manufacturing and quality control. Increased Consumer Confidence: Ensuring that Bilastine
formulations are accurately tested for dosage and purity strengthens consumer trust in the
product. Patients and healthcare providers can be confident that the tablets contain the correct
amount of active pharmaceutical ingredient (API), which contributes to overall patient safety
and satisfaction. Facilitation of Product Development: The validated analytical method can
serve as a foundational tool for the development of new Bilastine formulations or combinations.

It provides a standardized approach for assessing Bilastine content in different tablet

Safety: By accurately measuring the concentration of Bilastine in bulk and tablet for

O

method helps to avoid any potential environmental or health hazards that could ar & fi
- . a
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incorrect dosing. Properly regulated pharmaceutical products reduce the chances of adverse
side effects caused by impurities or incorreet dosage amounts. Contribution to Scientific
Knowledge: The development of a new, validated method for estimating Bilastine adds to the
body of seientific knowledge in analytical chemistry and pharmaceutical analysis. It can be used
as a reference for future studies, potentially applying similar techniques to other pharmaceutical
compounds. Global Accessibility and Market Expansion: A reliable and validated method
enables pharmaccutical companies to meet global standards, allowing them to distribute
Bilastine formulations internationally. This can facilitate the expansion of market access and

the availability of the drug in various regions. improving global healthcare.

National and International status of work:

The development and validation of analytical methods for active pharmaceutical ingredients
(APIs). such as Bilastine, is an essential area of pharmaceutical research. Globally, and within
India. various research studies and guidelines have been developed in the realm of
pharmaceutical analysis. These works aim to ensure the accuracy, reliability, and regulatory
compliance of drug formulations. Below is a summary of the relevant national and international

work that directly or indirectly influences the development of analytical methods for estimating

Bilastine.

National Work (India)
1. Regulatory Guidelines by CDSCO (Central Drugs Standard Control Organization)

The CDSCO (the national regulatory authority for drug standards in India) provides guidelines
for analytical method validation for APIs and pharmaceutical dosage forms. These guidelines
align with ICH Q2(R1), ensuring that methods for estimating Bilastine in bulk and tablet forms
meet requirements for specificity, accuracy, precision, and robustness.

India follows the Pharmacopoeia of India (IP), which sets standards for drug quality, including
analytical methods for the estimation of APIs like Bilastine.

2. Work by Indian Research Institutions

Various Indian universities and research centers have worked on developing validated methods
for the estimation of other antihistamines, which can be adapted for Bilastine. HPLC and UV

Spectrophotometry are the most commonly used techniques in these studies.

-
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forms. These methods could be adapted and applied to Bilastine.

3. Studies on Analytical Methods for Antihistamines

In India. several studies have focused on the development and validation of methods for
estimating antihistamines (e.p.. Cetirizine, Loratadine, Desloratadine) using methods like
HPLC, HPTLC, and UV-Visible Spectrophotometry. These techniques and methodologies
have set the groundwork for the development of similar methods for Bilastine.

4. Indian Pharmacopeia (IP)

The Indian Pharmacopeia (1P) provides quality standards for pharmaceutical products in India.
While Bilastine may not be explicitly listed in the IP, the standards for similar antihistamines
(e.g.. Cetirizine) can be adapted to create analytical methods for Bilastine.

S. Work on Green Analytical Chemistry in India

Some Indian research groups have explored green chemistry techniques for the estimation of
APIs. focusing on reducing environmental impact, such as minimizing the use of hazardous
solvents. This aligns with the growing demand for sustainable analytical methods in drug

tesun
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International Work

1. International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH)

The ICH guidelines. specifically ICH Q2(R1), provide internationally accepted standards for

the validation of analytical methods in pharmaceuticals. The guidelines emphasize parameters

such as accuracy. precision, sensitivity, linearity, and specificity. These principles are directly

applicable to the development and validation of methods for Bilastine estimation in bulk and

tablet dosage forms.

2. Pharmacopoeia Standards: USP, EP, and JpP

The United States Pharmacopeia (USP), European Pharmacopoeia (EP), and Japanese
Pharmacopoeia (JP) provide comprehensive guidelines for the development of analytical
methods for various APIs. While Bilastine may not be explicitly listed, methods outlined for
similar antihistamines (e.g., Loratadine, Fexofenadine) are relevant and can be adapted for
Bilastine cslimalioﬁ in tablet formulations.

The USP provides specific validation protocols for HPLC and UV-Visible Spectrophotometry,

standards for pharmaceutical quality control.

3. Global Research on Analytical Methods for Antihistamines BHOYAN RATHOD
. WA > K.ilol, Gandhinagar




Several international  studies have focused on the analytical methods for estimating
antihistamines. including Bilastine. Rescarch published in journals such as the Journal of
Pharmaceutical and Biomedical Analysis has demonstrated the development and validation of
methods for estimating antihistamines like Loratadine. Desloratadine, and Cetirizine using
technigues like HPLC and UV spectrophotometry.,

These studies provide valuable methodologies that can be directly adapted to Bilastine, helping
optimize method development for bulk drug and tablet formulations.

4. International Research on Validation Techniques

International studies focus on advanced analytical validation techniques for ensuring the
accuracy. reliability, and regulatory compliance of drug formulations. For example, research on
method validation using HPLC for drugs like Bilastine has been conducted at leading
universities and pharmaceutical companies in Europe and the United States.

These studies often follow guidelines outlined by FDA and EMA for analytical testing, ensuring
that the methods are compliant with stringent international regulatory standards.

5. FDA and EMA Guidelines

The U.S. Food and Drug Administration (FDA) and European Medicines Agency (EMA) have
set detailed guidel‘ines for the validation of analytical methods used in pharmaceutical testing.
Both regulatory bodies ensure that the methods used for estimating drugs, including
antihistamines like Bilastine, are reliable, reproducible, and compliant with industry standards.
These guidelines are essential for pharmaceutical companies seeking approval for Bilastine
tablets and other dosage forms, as they establish the benchmark for quality control testing.

6. Green Chemistry and Sustainable Analytical Methods

International research is increasingly focused on green analytical chemistry. Studies on the
¢ reduction of solvent usage, development of eco-friendly solvents, and the optimization of
analytical procedures to be more sustainable are gaining traction globally. Such research could

potentially improve the environmental sustainability of the proposed method for Bilastine

estimation.

7. World Health Organization (WHO) Guidelines
The World Health Organization (WHO) sets global standards for drug quality control and

pharmaceutical testing. Its guidelines on the development and validation of analytical methods
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7.Conclusion

The developed method was found to be
Bilastine was marginally degraded in acidic and oxidative conditions
ercent degradation was calculated by comparing the areas of
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the drugs under non degradation ¢

HPLC method was developed and validated as per ICH guidelines
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»  Summary

Diabetes mellitus, particularly Type 2 diabetes, has become a global health concern due to its
increasing prevalence and associated complications. The management of Type 2 diabetes
imvolves the use ni‘ oral hypoglveaemic agents, with metformin hydrochloride being one aof the
most commonly prescribed drugs. Metformin is a first-line treatment for Type 2 diabetes,
known for its ability to Jower Blood glucose levels by improving insulin sensitivity and
reducing hepatic glucose production. 1t is widely used due to its efficacy. safety profile, and
cost-cffectiveness. Metformin is available in various dosage forms, with tablet formulations
being the most prevalent.

To ensure the therapeutic efficacy and safety of pharmaceutical products, it is crucial to develop
and validate robust analytical methods for the quantification of active pharmaceutical
ingredients (APIs) in dosage forms. High-performance liquid chromatography (HPLC).
particularly reverse-phase HPLC (RP-HPLC), is one of the most widely employed techniques
due 10 its precision, sensitivity, and ability to separate compounds in complex matrices. RP-
HPLC has proven to be an effective tool for the analysis of metformin in bulk and
pharmaceutical formulations.

However, the development of a reliable RP-HPLC method for the quantification of metformin
hydrochloride requires careful optimization of various chromatographic parameters, such as
column type, mobile phase composition, flow rate, and detection wavelength, to achieve
accurate and reproducible results. Furthermore, the method must undergo rigorous validation
1o ensure its reliability, robustness, and compliance with regulatory guidelines such as those
from the International Conference on Harmonisation (ICH) and the U.S. Food and Drug
Administration (FDA).

This study aims to develop a novel RP-HPLC method for the quantification of metformin
hydrochloride in tablet dosage forms. The method will be validated for key analytical
parameters such as accuracy, precision, specificity, linearity, and limit of detection (LOD), in
line with ICH guidelines. The successful development of this method will offer a reliable tool
for quality control, ensuring the consistent production and quality of metformin tablet

formulations.




e Detailed Report

1. Introduction

Metformin Hydrochloride an antidiabetic drug with a chemical name, 1- carbamimidamido-
N.N-dimethylmethanimidamide ~ hydrochloride  falls  under  biguanide class of
antihyperglycemic agent. Works by reducing production of hepatic glucose and also increases
glucose uptake. it also helps to prevent complications related to cardiovascular system. Its also
used for PCOS problems and also decreases levels of triglycerides and low-density lipoprotein

cholesterol [4].

NH NH

Metformm hxdrochionde

Figure 1: Metformin Hydrochloride
Drug profile
Chemical name:l:carbamimidamido-N,N-dimethyl- methanimidamide hydrochloride
Molecular Formula: C4H12CINS
Molecular Weight: 165.62
Appearance: White or almost white crystalline powder
State: solid
Melting point: 223-226 °C
pKa: 12.4
Category: Biguanide class of anti-hyperglycaemic agent

Analytical chemistry helps for the determination of quality, purity, safety of the chemicals
and drugs by separating, quantifying and identifying the sample using certain methods and

instruments. It helps in both quantitative as well as qualitative analysis of the sample, in

within the sample can be found [1].




HPLC is High-Performance Liquid Chromatography is mainly used for the separation,
identification and quantification of the components present in a mixture. Till 1960 liquid
chromatography in which only glass columns were used and it was used to work in low
pressure was developed to HPLC later with metal columns and high pressure. The basic
working principle of HPLC is that it separates the constituent of the mixture based on relative
affinities of the constituents for the stationary phase and mobile phase, which are used for the
separation. Mainly there are two types of HPLC they are; reverse phase uses polar mobile
phase and the non-polar stationary phase and the normal phase uses the non-polar mobile
phase and polar stationary phase. Major applications of HPLC are analysing drugs, pollutants
and synthetic polymers, isolation of components and used in industries in quality control

departments to check the purity of the drug samples and chemicals [2].
2. Literature Review

The drug Metformin Hydrochloride is CDSCO approved for symptomatic treatment of allergic
rhino-conjunctivitis Diabetes. On literature survey, it was found that few U.V. spectroscopy,
HPTLC and RP-HPLC methods, Degradation study are available for the determination of
Metformin Hydrochloride in tablet dosage form.!*!8) A literature survey for Metformin
Hydrochloride was done. Here are some research papers describing determination of
Metformin Hydrochloride by stability indicating RP-HPLC method for in bulk and
pharmaceutical formulation.”! And by UV Spectrophotometric method using experimental
design for robustness.®) Method Development and Validation of Metformin Hydrochloride by
HPLC. ] And new validated Ultra Performance Liquid Chromatography (HPLC) method F.
Methanol: Acetonitrile: Phosphoric Acid Buffer pH 2.1 in proportion of (21:33:46) was used
as mobile phase with flow rate 1.0 ml/min. The column used for the method development is

250% 4.6 mm x 5 um dimension. Selective RP-HPLC method has been developed [©)

3. Objectives
1. To develop a simple and robust RP-HPLC method for the quantification of Metformin
Hydrochloride in tablet dosage forms.
2. To optimize the chromatographic conditions to achieve effective separation and peak
resolution for Metformin Hydrochloride in various fixed-dose combinations.

To validate the developed method as per ICH guidelines for parameters such as

(V%)

quantification (LOQ).




4. To ensure the developed method is cost-effective and suitable for routine quality control
analysis in pharmaceutical industries.

5. To compare the developed method with existing methods to demonstrate its advantages
in terms of simplicity. cost, and analytical performance.

6. To apply the validated method for the analysis of marketed tablet formulations

containing Metformin Hydrochloride.

4. Methodology

Chemical and reagents:

Metformin Hydrochloride sample was obtained as a gift from Emcure pharmaceuticals
Ahmedabad HPLC-grade methanol was purchase from Merck Life Science Private Limited,
Mumbai, India and HPLC-grade water were purchased from Merck Life Science Private
Limited, Mumbai, India. Metformin Hydrochloride tablet (BYLOZA 20 mg) was purchased
for the analytical purpose. All the other chemicals and reagents used were of AR grade and
purchased from Avantor Performance Material India Limited, Thane, India. HPLC-grade
methanol was purchase from Merck Life Science Private Limited, Mumbai, India and HPLC-
grade water were purchased from Merck Life Science Private Limited, Mumbai, India.
Metformin Hydrochloride tablet (BYLOZA 20 mg) was purchased for the analytical purpose.
All the other chemicals and reagents used were of AR grade and purchased from Avantor

Performance Material India Limited, Thane, India.The Double Distilled water HPLC grade

was prepared in the laboratory.

Chromatographic conditions and Equipment: Analysis was carried out on a Shimadzu
LC 2010 CHT HPLC with UV detector. The output signal was monitored and processed using
LC solution software. The chromatographic column used was C18 (150mm x 4.6mm, Sp).
Gradient elution process was adopted throughout the analysis. Mobile phase used was 85:15%

v/v (ACN: Ammonium acetate (pH 5.0 adjusted with glacial acetic acid).

Instrumental parameters:

The gradient flow of mobile phase was maintained at 1.0 ml/min. The injection volume was

the sample was about 2.519 min.




Preparation of standard and test solutions: Preparation of stock solution:

Stock solution for method validation were prepared by accurately weighing 100mg of
Metformin Hydrochloride and dissolving it in 100ml of methanol by gentle stirring to yield

final concentration of 1000pg/ml.
Preparation of working standard solutions:

Working standard solution was prepared by accurately transferring the (0.25, 0.50, 0.75, 1.0,
1.25, 1.5ml) aliquot of the standard stock solution in a series of 10 volumetric flask. The volume

was made up to mark mobile phase to obtain concentration of 25-150pg/ml.
Preparation of sample solutions:

Twenty tablets of marketed formulation, BYLOZA (20 mg) were taken and weight of average
content was determined. Weight equivalent to 20mg Metformin Hydrochloride was transferred
to 100ml volumetric flask and dissolve in methanol. Solution was sonicated and filtered

through Whitman filter paper. Average weight of tablet was calculated 113.2mg.

Forced degradation study:

Forced degradation studies of the drug were carried out under conditions of acid hydrolysis,

alkali, neutral, oxidative, thermal, photolytic degradation.
Acid Hydrolysis:

Forced degradation in acidic media was performed by taking 2ml stock solution of Metformin
Hydrochloride to 10ml volumetric flask. Add 2ml of 2 N HCL in volumetric flask and kept 80°
C for 30 min. Then neutralized it with 2 N NaOH and diluted up to the mark with mobile phase.

Solution strength of 100pg/ml.
Alkali Hydrolysis:

Forced degradation in basic media was performed by taking 2ml stock solution of Metformin
Hydrochloride to 10ml volumetric flask. Add 2ml of 2 N NaOH in volumetric flask and kept
at room temp. 80°C for 2 hrs. Then neutralized it with 2 N HCL and diluted up to the mark with

mobile phase. Solution strength of 100pg/ml.

Neutral Hydrolysis:




volumetric flask and kept at 80°C for 2 hrs. Diluted up to the mark with mobile phase. Solution

strength of 100 pg/ml.
Oxidative Degradation:

Forced degradation in oxidative condition was performed by taking 2ml stock solution of
Metformin Hydrochloride to 10ml volumetric flask. Add 2ml of 10% H202 in volumetric flask

and kept at 80°C for 30 min. Diluted up to the mark with mobile phase. Solution strength of

100pg/ml.
Thermal Degradation:

Forced degradation in thermal degradation, 10mg accurately weighed amount of Metformin
Hydrochloride was exposed to 70°C for 8 hrs. After this exposure, the drug powder was mixed
and transferred in to 10ml volumetric flask, dissolved in methanol and diluted up to mark with

diluent. Final dilution was done with sample diluent to make final concentration of 100pg/ml.

Photolytic Degradation:

Forced degradalio}l in photolytic degradation, 10mg accurately weighed amount of Metformin
Hydrochloride was exposed to 254nm for 24 hrs. After this exposure, the drug powder was
mixed and transferred in to 10ml volumetric flask, dissolved in methanol and diluted up to

mark with diluent. Final dilution was done with sample diluent to make final concentration of

100pg/ml.

Then 20yl solution of above solutions were injected into HPLC system and analyzed under the

chromatographic condition described earlier
Method validation:

Linearity and Range:

Aliguots of working standard solution (0.25, 0.50, 0.75, 1.0, 1.25, and 1.5ml) were transferred
into series of 10 ml volumetric flask and diluted up to mark with methanol to obtain final
concentration of 25-150pg/ml and mixed properly. 20pl aliquots of each solution were
chromatographed three times and analysis was performed by optimized method. The regression
equation was derived from the plot of average area of Metformin Hydrochloride peak against
the concentration of Metformin Hydrochloride.

e

Precision:




Intra-day Precision:

Intraday precision was determined by analysing of Metformin Hydrochloride standard
solutions in the range S0, 75 and 100 pg/ml of it triplicate in a day. Percentage RSD for
Mettormin Hydrochloride was calculated.

Inter-day Precision:

Inter-day precision was determined by analysing of SAR standard solutions in the range 50, 75
and 100pg/ml of it in three different days. Percentage RSD for Metformin Hydrochloride was

calculated.

Accuracy

Accuracy was determined by calculating recovery of Metformin Hydrochloride by the standard
addition method. The known amounts (4.0, 5.0 and 6.0ml) of working standard solutions of
Metformin Hydrochloride (100pg/ml) were added to 2ml sample solution of Metformin
Hydrochloride (100pg/ml) in 10ml of volumetric flask and diluted up to mark with methanol.
Each solution was injected triplicate and recovery was calculated from regression equation of

calibration curve by measuring peak areas.
Limit of Detectioh and Limit of Quantification:

LOD and LOQ of the drug were calculated using following equations according to ICH

guidelines.
LOD = 3.3 o/s and LOQ = 10 o/s were found. Where, o is the SD of the response
S is the slope of the calibration curve.

Robustness:

The robustness study was performed to evaluate the influence of small but deliberate variation
in the chromatographic condition. The robustness was checked by changing four small changes
like Flow rate (1.0 = 0.2 ml/min), Organic phase (704 Sml), Injection Volume (20

+5ul), pH (5.040.5). After each sample solution was injected and arca, HETP, tailing factor

and retention time were checked.

an average of six determinations,

&




S.Result and Discussion
Sclection of wavelength for measurement:

To determine Wavelength for measurement, standard spectra of Metformin Hydrochloride was
seanned between 200-400nm. 1t is evident that Metformin Hydrochloride show an absorbance
atl 215nm respectively. The schematogram for standard and test Metformin Hydrochloride were

shown in figure 2 and 3.

e Optimized Chromatographic Condition: HPLC System: LC 2010 CHT (Shimadzu)

e Column: C18 Waters (150mm x 4.5mm, Spm)

e Mobile Phase: ACN: Ammonium acetate (pHl 5.0 adjusted with glacial acetic acid)
(85:15 %v/v)

e Flow rate: 1.0ml/min Detection Wavelength: 215nm Injection volume: 20uL.

e Column oven temperature: Room temperature

e Run time: 10 min

e Diluents: Methanol
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Figure: 2 Chromatogram of Metformin Hydrochloride Standard (100pg/ml)
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Figure: 3 Chromatogram of Metformin Hydrochloride Standard (100pg/ml)

Results of forced degradation study:

L




From degradation study it was found that Metformin Hydrochloride was marginally

degraded in acid and oxidative conditions and stable in alkali, neutral, thermal, and

photolytic conditions. Results of forced degradation study was shown in table 1.

Table: 1 Result of Forced Degradation Study of Metformin Hydrochloride

Linearity and Range:

Sr.No. | Stress t_\'7|7):' ~ Condition “No. of pcﬁkﬁ e ';’Zyl)'cg_;ndation

1 Acid | 2N HCIat80°C | 7.25
Hydrolysis for 30 min.

2 Alkali DN N OB A — -
Hydrolysis 80°C for 2 hr.

. 3 Neutral H20 at 80°Cfor 2 c 5

Hydrolysis hr.

- Oxidative 10% H202 at 80°C 1 5.24
Degtacation for 30 min.

5 Thermal At 70°C for 8 hr. - -
Degradation

6 Photolytic UV 254 nm for 24 - -
Degradation hr.

The linearity range for Metformin Hydrochloride was found to be in the range of 25-

150pg/ml. Linearity shown in the “Fig. 4.” And linearity data are shown in table 3.
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Concentration (ug wl.)
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Figure: 4 Calibration curve of Metformin Hydrochloride

Precision:

The “%RSD of Intra-day and Inter-day for Metformin Hydrochloride was found to be
0.64 10 0.81 and 0.14 10 0.32 respectively.

Accuracy:

Accuracy of the method was confirmed by recovery study from marketed formulation
of Metformin Hydrochloride at three level (80% - 120%) of standard addition.
Percentage recovery for Metformin Hydrochloride was 99.56 - 101 .06%, shown in table

-~

Table: 2 Result of Accuracy study for Metformin Hydrochloride

Level Test conc. Std. conc. Amt. of found * %o
| (ng/mi) (ng/ml) ok Recovery
" 80% 50 40 89.69+0.87 99.66
100% 50 50 101.06+0.76 101.06
TIZO% 50 60 109.52+1.10 99.56

Limit of Detection and Limit of Quantitation:

LOD and LOQ was found to be 0.45pg/ml and 1.20 pg/ml respectively.

Robustness:

The typical variations studied under these parameters are flow rate, mobile phase
composition, column temperature, change in pH. According to data comparison

develop method was robust.
Analysis of marketed formulation:

Applicability of the proposed method was tested by analysising the av

formulation BYLOZA.




All method validation parameter of Metformin Hydrochloride results were shown in
table 3.

Table 3: Validation Parameter of Metformin Hydrochloride

\ Sr. No. \ Parameter Metformin
Hydrochloride
1. |  LinearityRenge = . (EN2SSCtH
(e T Regression Line cquation’ 1l YS2Z6IIRERN
\ 914034
\ 31 J Correlation co-efficient 0.996
4. \ Precision (YoRSD)
| y Intra-day Precision 0.637-0.807
\ ‘ \ Inter-day Precision 0.140-0.325
\ St \ Accuracy (YoRecovery) 99.78-100.53
\ 6. \ Limit of Detection(pg/ml) 0.41
r i: » Limit of Quantification(pg/ml) 1.25
( 8. \ % Assay 101.1
\7 9. \ Robustness (%o RSD of Assay) 0.85
Expected Outcorhes

Development of a Reliable RP-HPLC Method: The project will result in the development
of a novel reverse-phase HPLC (RP-HPLC) method that is optimized for the quantification of
metformin hydrochloride in tablet dosage forms. This method will be efficient, reproducible,

and precise, ensuring accurate measurement of the drug content in pharmaceutical
formulations.

regulatory guidelines (ICH/FDA) for key analytical parameters, including:




Accuracy: The method will demonstrate its ability to provide results elose to the true value of
metformin content in the tablets.

Precision: The method will show low variability in repeated measurements (both inter- and
intra-day precision).

Linearity: The method will exhibit a direct proportional relationship between metformin
concentration and the detector response within a defined range.

Specificity: The method will accurately measure metformin content without interference from
excipients or other tablet components.

Limit of Detection (LOD) and Limit of Quantification (LOQ): The method will have low
LOD and LOQ, enabling detection and quantification of metformin at trace levels.
Application for Quality Control: The validated RP-HPLC method will be useful for routine
quality control in pharmaceutical industries. It will allow for precise quantification of
metformin hydrochloride in tablet formulations, ensuring batch-to-batch consistency, product
quality. and compliance with pharmacopeial standards.

Regulatory Compliance: The method will comply with international regulatory standards,
providing a reliable tool for pharmaceutical companies to meet the quality assurance
requirements set by authorities like the FDA, EMA, and ICH.

Publication and Scientific Contribution: The successful development and validation of this
method will contribute to the scientific community's knowledge on analytical techniques for
anti-diabetic drugs, particularly metformin, and may lead to publications in scientific journals
related to pharmaceutical analysis.

Potential for Broader Applications: Although the focus is on metformin hydrochloride, the
method developed could serve as a foundation for similar studies involving other anti-diabetic

drugs, offering a framework for quantifying drugs in complex pharmaceutical formulations

using RP-HPLC.

6.Financial Statement

Certified that a grant of 26,00,000 was received from the Spechrom Solutions for the project
titled " A Novel RP-HPLC Method Development and Validation for the Quantification of a
Potential Anti-Diabetic Drug Metformin Hydrochloride in Tablet Dosage Form”. The amount

has been utilized as per the approved budget and guidelines.
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Sr.No. Particulars Expenditure Incurred
| I Lquipment 32.47.000
| 2 Chemicals 21,53.000
; 3 Travel 299,000
| 4 Contingency 21,01,000
" Total | 26,00,000
(i |

7.Conclusion and Recommendations

The developed method was found to be simple, sensitive and selective for analysis of
Metformin Hydrochloride. Metformin Hydrochloride was marginally degraded in acidic and

oxidative conditions and was found to be stable in all other conditions. Percent degradation

was calculated by comparing the areas of the degraded peaks in each degradation condition
with the corresponding areas of the peaks of the drugs under non degradation condition. In the
proposed study. stability-indicating RP-HPLC method was developed and validated as per

ICH guidelines for the estimation of Metformin Hydrochloride.
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This Service Contract ("Contract") is entered into by and between M/s Aum Research Labs Pvt
Ltd. and Swarrnim Startup and Innovation University, Gandhinagar, Gujarat.
In consideration of the mutual promises and covenants contained herein, the receipt and

sufficiency of which are hereby acknowledged, the parties agree to the following terms:

SERVICES
“The Provider agrees to develop and validate low cost and efficient analytical methods for

the APIs and formulations for Aum Research Labs Pvt Ltd..”
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either party wish to terminate the contract, a written notice must be provided 90 days prior to the

intended termination date.
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For each completed service, the Provider will submit an invoice as services are delivered. The
Client agrees to make payment upon receipt of the invoice, after deducting any applicable TDS

(Tax Deducted at Source).

KA LTl VX AN
For Aum Research Labs Pvt Ltd. For Swarrnim Startup and Innovation University

€ Aum Research Labs Pvt. Ltd.
Plot No. 555/1, 5A, Opp. Fresh & Fresh Bakery, Behind Gulab 0il, Rakanpur-382721, Ta. Kalol, Dist. Gandhinagar, Gujarat, India

+91 97274 68107 | +91 97129 68107 B info@aumresearchlabs.com @ www.aumresearchlabs.com




Aum
Research
Labs

FAST * RELIABLE « ACCURATE

Date: 11.11.2021
To,
The Principal,
Swarrnim Science College
Swarrnim Startup and Innovation University

Gandhinagar Gujrat

Subject: Approval for Consultancy Project

Dear Sir/Madam

We are delighted to share the news with you that the consultancy project for which we were exchanging
ideas in our earlier meetings has been permitted. The project will proceed as follows:

Project Title:

“Hplc Method Development and Validation for Determination of Anti-diabetic Drug
Alogliptin Benzoate in Bulk and in Tablets"

Project Timeline:

The project is expected to be completed within the next 4 to 5 months.

Payment:

A total amount payable after successful completion of Project will be Rs. 5,00,000 plus GST will
be made after raising invoice of the same after due TDS.

Should you require any further clarification regarding the project, please feel free to reach out to
us. We are excited about this collaboration and look forward to a positive working experience

with Swarrnim Startup and Innovation University.

Best Regards,

M’ﬂﬁf?" N\ AT
For Aum Research Labs Pvt Ltd.

@ Aum Research Labs Pvt. Ltd.
Plot No. 555/1, 5A, Opp. Fresh & Fresh Bakery, Behind Gulab Oil, Rakanpur-382721, Ta. Kalol, Dist. Gandhinagar, Gujarat, India

M +91 97274 68107 | +91 97129 68107 & info@aumresearchlabs.com @ www.aumresearchlabs.com




'é?&ENNOVXHON

%iﬁngY

INDIA S FIRST UNIVERSITY FOR ST‘&R’I’UP
Ref.No.swarrnim/RO/SCR/2022/11 Date: 14.03.2022

[0,
Aum Research Lab Pvt. Ltd.
Kalol, Gandhinagar

Gujarat.
Subject: - Submission of completion report regarding your shared problem.

Dear Sir/Madam
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Name of person: Mr. Karnav Patel

We are thankful for providing the opportunity to support you and the profession. We will always
ready to solve such problems with our best effort.

For any technical support please contact person who has completed the project, the name is Mr.
Karnav Patel

Thanking you.
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¢ Summary

This project focuses on the development and validation of an HPLC method for the assay of
Alogliptin in injection formulations. The study aims to establish a reliable, reproducible, and
efficient analytical method for quality control testing of Alogliptin injections. Through method
validation following ICH (International Council for Harmonisation) guidelines, the developed
method ensures accuracy, precision, specificity, and robustness. The validation parameters
include linearity, accuracy, precision, and limit of detection, providing confidence in the quality

assurance of pharmaceutical products.




*  Detailed Report

1. Introduction

Since the first evidence about a known case of diabetes mellitus nearly 3000 years ago and
despite the great deal of research that has been done recently. diabetes mellitus is still a wide
spread serious disease that affect the life quality of millions of people worldwide. It is estimated
that the number of patients with diabetes mellitus will rise to about 592 million by the year
2035 "2 1t was until the year 1936 that diabetes mellitus was distinguished to Type 1 and Type
2 [1]. Two main features of Type 2 diabetes mellitus is the increased cell resistance to insulin
and the dysfunction of the insulin-producing cell in the pancreas (-cells) [2. 3]. The first line
of therapy for the treatment of Type 2 diabetes is metformin, but as the disease progresses, a
drug combination may be a must 1. Incretin hormones are secreted in response to eating food
from the gastrointestinal tract to the blood stream and can stimulate insulin secretion and help

control glucose levels; that is, they prepare the body against increase in blood glucose. These

hormones include glucagon-like peptide-1 and glucose-dependent insulin tropic polypeptide
5 Dipeptidyl peptidase-4 is an enzyme found in the human body that helps inactivate the
incretin hormones, thus terminating their hypoglycaemic effect 2| Alogliptin a member
of dipeptidyl peptidase-4 inhibitors is a recent drug developed in 2010 by Takeda
Pharmaceutical Company * 7+ which is used for the treatment of Type 2 diabetes, and it
potentiates the effect of incretin hormones through inhibition of their degradation by the
dipeptidyl peptidase-4 enzyme [ * Alogliptin can be used alone or in combination therapy,
and it is now approved in the USA and Europe also Pl Alogliptin is 2- ({6-[(3R)-3-
aminopiperidin-1-yl]-3-methyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin

 J 1yl}methyl)benzonitrile (CI8H21N502), and its structure is shown in Figure 1 8!
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Fig. 1: Chemical structure of Alogliptin




2. Literature Review

Analhytreal method validation ensures that various HPLC analytical techniques shall give
rehable and repeatable results: it is a crucial step in developing new dosage forms as it provides
intormation about accuracy, lincarity. precision. detection, and quantitation limits. According
to the ICH guideline. “the objective of validation of an analytical procedure is to demonstrate
that it is suitable for its intended purpose.” It is now obligatory in the process of drug
development to supply the validation data for the responsible authorities. Guidelines for

analysis method validation include ICH and USP guidelines * '

Literature survey revealed a few methods reported for determination of alogliptin benzoate in

bulk drug as well as pharmaceutical preparation !> * ¢!

In this research, a new sensitive and rapid HPLC method was developed for the determination
of alogliptin benzoate in pharmaceutical dosage forms, and this method was validated

according to ICH and FDA guidelines.

3. Objectives
1. To develop a simple and efficient HPLC method for the quantitative determination

of Alogliptin Benzoate in bulk and tablet dosage forms.

2. To optimize chromatographic conditions for accurate and reproducible results.

3. To validate the developed method according to ICH guidelines.

4. To evaluate key validation parameters such as: Specificity, Linearity, Accuracy,
Precisi‘on (repeatability and intermediate precision), Limit of Detection (LOD),
Limit of Quantification (LOQ), Robustness

5. To ensure the developed method is suitable for routine quality control analysis of

Alogliptin Benzoate in pharmaceutical formulations.

4. Methodology

Drugs and Chemicals

nm. Chemstation Software (Version Rev B.04.03 (16)) was used for data proc

evaluation.



Chemicals and Reagents. A pharmaceutical grade sample of alogliptin benzoate (assigned
purity 99.4%) was obtained as gift from Jordan Hikma Pharmaceuticals (Amman, Jor- dan).
NESINA tablets containing 8.5 mg alogliptin benzoate were purchased from the local market.
Acctonitrile HPLC grade and ammonium carbonate were purchased from Merck (Merck

Serono Amman, Jordan). The double distilled water was obtained from a local pharmaceutical

company.

Chromatographic Conditions. The mobilex phase was prepared by dissolving 1.0 gm
ammonium carbonate in 1000 ml water. From the previous solution, 450 ml was mixed with
550 ml of acetonitrile. Prior to use the mobile phase was filtered through 0.45 um membrane
filters and degassed by sonication for 10 min. The analysis was carried out on an Agilent 1200
series HPLC system. The analytes were conducted on an analytical column C18, 5 um, 250

4.6 mm with a detection wavelength of 277 nm. The operating temperature of the column was

o .
setat 30 C. The injection volume was 10 4L, and the flow rate was maintained at 1.0 mL/min.

The run time was 6 minutes.

Preparation of Standard Solution. A standard solution of alogliptin benzoate was prepared
by dissolving an accurately weighed amount of alogliptin benzoate (42.5 mg, which is
equivalent to 31.25 mg alogliptin) in 50 ml of the mobile phase, and then 5 mL of the resulting
solution was diluted to 25 mL by the same solvent to obtain a standard solution of alogliptin

benzoate (170 ug/ml).

Preparation of Sample Solution. Twenty alogliptin tablets were weighed, triturated in
porcelain mortar, ,and mixed, and the average weight of tablet was calculated. Accurately
weighed amount of powder equivalent to 25 mg of alogliptin (34 mg alogliptin benzoate) was
transferred completely to a 200 mL volumetric flask, and 150 mL of the mobile phase was
added and sonicated for 30 minutes. The volume was completed to mark by the same solvent
to obtain a solution of alogliptin benzoate with a concentration of 170 ug/ml. The prepared

solution was filtered through 0.45 ym membrane filters.

N
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Specificity. Specificity is one of the significant features of HPLC. and it refers to the ability
of the analytical method to discriminate between the analyte and the other components in the
complex mixture " Specificity of the method was evaluated by injecting 10 ul solutions of

tandard. sample, blank, and placebo separately.

Lincarity. To evaluate the linearity and range of the method. different standard solutions were
prepared by di- luting the standard stock solution with the mobile phase in deferent
concentrations of alogliptin benzoate: 85, 136, 170, 204, 255, and 306 ug/mL, which cover
50%, 80%. 100%, 120%. 150%, and 180% of the target concentration, respectively. Three
injections from each concentration were analysed under the same conditions. Linear regression
analysis was used to evaluate the linearity of the calibration curve by using the least square

linear regression method.

Sensitivity. Limit of detection (LOD)/limit of quantitation (LOQ) of alogliptin benzoate were
determined by analysmg different solutions of alogliptin benzoate and measuring the signal-
to-noise ratio. The limit of detection (LOD) is the concentration that gives a signal-to-noise
ratio of approximately 3: 1, while the limit of quantification (LOQ) is the concentration that

gives a signal-to-noise ratio of approximately 10: 1 with %RSD (n =3) of less than 10%.

Accuracy. The accuracy of the assay method was determined by recovery studies at three
concentration levels (50%, 100%, and 150%), i.e., 85, 170, and 255 ug/ml, and three samples
from each concentration were injected. The percentage recovery of added alogliptin benzoate

and RSD were calculated for each of the replicate samples.

Precision. The system precision and method precision (repeatability) of the proposed methods
were determined” by several measurements of standard solution and sample solution,
respectively 122} System precision was established by ten measurements of the standard
solution at the 100% concentration levels on the same day. Method precision was established

by six assay determinations of the sample solution at the 100% concentration levels on the

in the experimental parameters, for example:

[¢]

(v) Column temperature: 5 C




(Vi) Flow rate: £0.2 mL/min
(vii) Wavelength: £3 nm
(viii) Mobile phase composition, organic composition +5%

Change was made to evaluate its effect on the method. Obtained data for each case was

evaluated by caleylating % RSD and percent of recovery.

Stability of Analytical Solutions. The stability of analytical solutions was determined by

analysing the standard and sample preparations at 0 h and after one day in refrigerator and at

[¢]
ambient room temperature 30 C. Three injections from each solution were analysed, and the

average of the peak and the RSD were calculated.
S. Results and Discussion

Method Development and Optimization. Several physical and chemical properties of
alogliptin benzoate were obtained from the literature. The analytical method was developed
to select preliminary reversed phase HPLC-UV chromatographic conditions, including
detection wave- Tength, mobile phase, stationary phase, and sample preparation procedure.
For this purpose; a series of trials were performed by varying the ratio, of acetonitrile and
ammonium carbonate buffer and optimizing the chromatographic conditions on the Hypersil
Gold Thermo Scientific C18 (250 cm 4.6 mm) 5 ym column. The results of method

optimization are summarized in Table 1.

The mobile phase consisting of acetonitrile and ammonium carbonate buffer in the ratio 55

: 45 v/v with a ﬂ'ow rate of 1 mL/min, injection volume 10 yl, run time 6 min, and column
temperature 30 C at wavelength (1) 277 was optimized as the best chromatographic
conditions for the entire study where alogliptin benzoate was eluted forming symmetrical

peak shape, resolution and suitable analysis time with retention time about 4 min (Figure 2).

Analytical parémeters validation
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of alogliptin benzoate interference. This result indicates that the peak of the analyte was pure

and this confirmed the specificity of the method.

Linearity and Range. Analytical method linearity is defined as the ability of the method to
obtain test results that are directly proportional to the analyte concentration, within a specific
range. The mean peak area obtained from the HPLC was plotted against corresponding
concentrations to obtain the calibration graph. The results of linearity study (Figure 6) gave
linear relationship‘_.over the concentration range of 85-306 ug/ml for alogliptin benzoate. From
the regression analysis, a linear equation was obtained: y 17412x + 1.1377, and the
goodness-of-fit (+2) was found to be 1.00, indicating a linear relationship between the

concentration of analyte and area under the peak.

Limit of Detection and Limit of Quantification (LOD and LOQ). The limit of detection
(LOD) is the lowest amount of analyte in a sample that can be detected, but not necessarily
quantitated, while the limit of quantification (LOQ) is the lowest amount of analyte in a
sample that can be quantitatively determined with suitable precision 2 The results showed

an LOD and LOQ for alogliptin of 0.03 and 0.09 ug, respectively.

Accuracy. The accuracy of an analytical procedure expresses the closeness of results obtained
by that method to-the true value. The results of accuracy showed percentage recovery at all
three levels in the range of 99.4-101.9%, and RDS values were in the range of 0.06-0.43%
as shown in Table 2. The results of percentage recovery and %RSD were within the accepted

limits from 98.0% to 102.0% and not more than 2.0%, respectively, which indicates the

applicability of the method for routine drug analysis.

Precision. The precision of the method is defined as “the closeness of agreement between a
series of measurements obtained from multiple sampling of the same homogeneous sample
under the prescribed conditions,” and it is normally expressed as the relative standard
deviation [25]. The results of both system and method precision showed that the method is
precise within the acceptable limits. The RSD, tailing factor, and number of theoretical plats

were calculated for both solutions; all the results are within limits. Acceptable precision was

not more than 2.0% for the RSD and the tailing factor and not less than 1000 for

plates, as shown in Tables 3 and 4.

Robustness. The analytical method robustness was tested by evaluating the inflyé
z
%

modifications in HPLC conditions on system suitability parameters of the proposedéie

mentioned in Section 2.6.6. The results of robustness testing showed that a minor change of



method conditions, such as the composition of the mobilc phase, temperature, flow rate, and
wavelength, is robust within the acceptable limits. The results are summarized in Table 5. In
all modifications, good separation of alogliptin benzoate was achieved, and it was observed
that the percent of recovery was within acceptable limits and the %RSD is within limit of not

more than 2.0%. The tailing factors and number of theoretical plates were found within

acceptable limits as well.

Solution Stability. The percent of recovery was within the range of 98.0% to 102.0% and
RSD was not more than 2.0%, indicating a good stability of the sample and standard solutions
for 24 hr at both gonditions. The percent of recovery was within acceptable limits, and the
%RSD is within the limit of not more than 2.0%. The tailing factors and number of theoretical

plates were found within acceptable limits as well. The results are shown in Table 6.

TasLe 1: Results of method optimization.

Column used Mobile phase ~ Howrate  Wavelength  Observation Result

(Buffer: methanol)
(45:55) wlv

Restek CI8, 125x4.0mm id, 5pm L0mimin ~ 206nm Poor resolution L4 Method rejected

Thermo Scientific C18 (Buffer  acetonilrile) . s . -
' ! 77 Poor resolution 1.6 Method rejected
0x46mnid, Sum (5:75) s LOmimin ~ 277nm Poor resoluti d rej
Thermo Scientific C18 (Buffer: acetonitrile) . ; .
' . m Good resolution 24 Method accepted
250x46mm i.d., 5um (45:55) vl Lomlimin - 277mn - Good tesoution 25 e P
=)
® F
8
5
Z

Retention time (min)

FigurE 2: Chromatogram of alogliptin standard solution.
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FiGure 3: Chromatogram of alogliptin sample solution.
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FiGure 4: Chromatogram of blank solution.
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Froure 5: Chromatogram of placebo solution.
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FigurE 6: Standard calibration curve of alogliptin benzoate.




Tagte: 2 Recovery data of the propased HPLC method

bk Replicate number Peak atea » feCove) Mean %RSD
. l 1508.4 1019 1015
S 2 14955 1010 o8
3 13033 1016 »
lw I l 29{]7 W:l 994
) 2930 8 y
2 208 4 ™
} 2538 9.3
" ! HS 100. 1001
N ) ;
‘ {4354 1000 013
3 319 999
Mean (% of recovery) 98.0-1020 100318
“RSD Max 200 0964149

Tansr 3: System precision data from the standard solution of the proposed HPLC method.

Replicate number RT Peak area Number of theoretical plates Tailing factor
I 3954 2952 132 6274
2 3936 251 136 6388
3 39! % 13 6363
1 v 395 2960 133 6364
5 3961 253 136 6386
6 3965 946 136 b4l
7 3962 2949 138 o479
§ 3965 2930 135 6486
9 1965 2954 13 6464
10 3,969 2955 13 6471
Average 3962 2932 1.3 o412
%RSD - 010 B

Tant 4: Method precision data from the sample solution of the proposed HPLC method.

Alogliptin 6,25 mg tablet

Replicate number RT Peak area Tailing Plates % assay
I 4025 3009 154 8086 9.2
1 1024 30 152 8049 9.2
) 1027 3009 148 8101

{ 4007 3009 14 8103

5 4028 3015 150 8039

b 4007 0 150 8107

Average 1026 300 13 §081

4RSD - 01




amtE 3 Robustness data of the proposed HPLC method.

%RSD of assay

et %RSD) of standard peak arca
i 5 007 015
Column temperature 30°C (norma) 003 019
35C 0.04 0.2
, Tdnm 006 007
Wavclength 277 nm (normal) 003 0.19
2800m 0.06 0.17
_ v -5% acetonitrile 005 020
Mobile phase composition Normal 003 0.9
+5% acetonitrile 002 0.4
0.8 ml/min 0.04 0ll
Flow rate 1 m/min (normal) 003 019
1.2 mlfmin 0.08 0.3
Taot 6: Solutions stabilty data of the proposed HPLC method.
: R P O—— Number of

Parameter RT :rei e (%) Tailing factor Recovered (%) theoretical plates
0h 4034 7 007 L5 - 8038
Sandard solution~ After 4hat30C 403 w27 02 16 100.0 8143
Alter 24h at rerigerator 4049 29837 008 15 987 8137
0h 4034 29957 0.07 15 - 8142
Sample solution Afier 4hat30C 4035 30013 03 15 100.2 8179
“Afier 24h at refrigerator 4036 30000 02 16 100. 8188

6. Financial Statement
Certified that a grant of ¥5,00,000 was received from the Aum Research Lab for the project

titled " HPLC Method Development and Validation for Determination of Antidiabetic Drug
Alogliptin Benzoate in Bulk and Tablets " The amount has been utilized as per the approved

budget and guidelines.
Sr.No. | Particulars | Expenditure Incurred
1 Equipment 32,45,000
2 Chemicals 1,55,000
3 Travel 248,000
4 | Contingency 352,000
Total %5,00,000




Total Project Cost:

This budget focuses on the most critical components of the project, ensuring that key activities,

such as translation and basic coordination, can be completed within the financial constraints.
While the budget is minimal, it is designed to achieve the project's primary goals effectively.
6.0 Justifications:

Justifications for Project Staff:

The project staff, specifically the Project Assistant (part-time), is €
successful execution of the project. The primary responsibilities of the proj
assisting in labore;tory work, data collection, preparing and analyzing samples,
results, maintaining the lab, and ensuring the smooth running of day-to-day activi

that this project requires careful monitoring of experimental processes, method validati
rucial to maintaining timelines and meeting the project

ssential for supporting the
ect assistant include
documenting
ties. Given

on, and

testing, the project assistant’s role is ¢
r the project assistant's salary ensures that the project

s a high standard of data integrity and process

objectives efficiently. The allocation fo
progresses without delays and maintain
management.

Justification for Equipment:
The equipment budget is necessary to facilitate the HPLC analysis of alogliptin benzoate in

bulk and pharmaceutical dosage forms. This includes essential consumables like HPLC
columns, syringes, filters, and other Jaboratory materials that are necessary to maintain the
HPLC system’s functionality and accuracy. The HPLC system and consumables such as
columns are vital for ensuring precise and accurate measurements in the method development
and validation process. Additionally, software for data analysis will be required for efficient
processing and interpretation of results, as per the validation and compliance with ICH and
FDA guidelines. Without appropriate equipment and consumables, the objectives of the
project cannot be met within the set timeframe.

Justification for Other Budget Heads and Amount for the Project:

1. Consumables: The consumables budget covers the essential reagents, solvents, and

method for alogliptin benzoate.

2. Testing and Validation: Testing costs cover the system suitability testing, method



validation (accuracy, precision, specificity, etc.), and analytical tests to ensure that the method
adheres to ICH and FDA guidelines. This budget is crucial to ensure the method is precise,
accurate, and reproducible. The validation process is an essential part of the project, ensuring
the robustness of the method for commercial and regulatory use.

3. Travel: Travel expenses are included for any necessary conferences, seminars, of
collaborations related to the project. Travel might also be required for field visits or
consultations with experts in method development and validation. This amount ensures that
the project remains aligned with international best practices, networking with experts, and
participating in events that enhance the research outcomes.

4. Contingencies: The contingency fund is allocated to cover unexpected expenses that may
arise during the course of the project. This could include unforeseen costs for additional
reagents, equipmént repair, or shipping charges for lab materials. A contingency amount
ensures that the project can adapt to unexpected needs without disruption to the work plan.
Each of these categories is essential for the smooth and timely completion of the project,
ensuring that the HPLC method for alogliptin benzoate is developed and validated to meet
regulatory and scientific standards. The budget allocation reflects the needs for personnel,

equipment, consumables, and other resources critical to the success of the project.

7. Conclusion

In the present research, a fast, simple, accurate, precise, and linear stability-indicating HPLC
method has been developed and validated for alogliptin benzoate, and hence it can be
employed for roiltine quality control analysis. The analytical method conditions and the
mobile phase solvents provided good resolution for alogliptin benzoate. In addition, the main
features of the developed method are short run time and retention time around 4 min. The
method was validated in accordance with ICH guidelines. The method is robust enough to

reproduce accurate and precise results under different chromatographic conditions.

8. Reference
1. A.B. Olokoba, O. A. Obatéru, and L. B. Olokoba, “Type 2 diabetes mellitus: a revie

of current trends,” Oman Medical Journal, vol. 27, no. 4, pp. 269-273, 2012.
2. K. Zhang, P. Ma, W. Jing, and X. Zhang, “A developed HPLC method fo

determination of alogliptin benzoate and its potential impurities in bulk drug®

tablets,” Asian Journal of Pharmaceutical Sciences, vol. 10, no. 2, pp. 152158, 201 p

3. C.Chen, C. M. Cohrs, J, Stertmann, R, Bozsak, and S. Speier, “Human beta cell mass



and tunction in diabetes: recent advances in knowledge and technologies to
understand discase pathogenesis,”™ Molecular Metabolism. vol. 6. no. 9. pp. 943-957.
2017, ~

4. M. Rendell. A. Drincic. and R. Andukuri. “Alogliptin benzoate for the treatment of
type 2 diabetes.” Expert Opinion on Pharmacotherapy. vol. 13, no. 4, pp. $53-563,
2012.

5. K. Sharma and A. Parle, “Development and validation of HPTLC mctﬁod for
estimation of alogliptin benzoate in bulk drugs and tablet dosage [forms.
International Bulletin of Drug Research, vol. 5. no. 8, pp. 81-89, 2015. |

6. W. Kim and J. M. Egan, “The role of incretins in glucose homeostasis and diabetes
treatment,” Pharmacological Re- views. vol. 60, no. 4, pp. 470-512. 2008.

7. K. Y. Kavitha, G. Geetha, R. Hariprasad, M. Kaviarasu, and R. Venkat Narayanan,
“Development and validation of stability indicating RP-HPLC method for .the
simultanegus estimation of linagliptin and metformin in pure and pharmaceutical
dosage form,” Journal of Chemical and Pharmaceutical Re- search, vol. 5, no. 1, pp.
230-235, 2013.

8. P. Supriya, N. L. Madhavi, K. Rohith, G. Ramana, U. Harini, and A. Pa»\./ar,
“Development and validation of UV spectrophotometric and reversed Phase-high
performance liquid chromatography-PDA methods for the estimation of alogliptin
benzoate,” Asian Journal of Pharmaceutical and Clinical Research, vol. 9, no. 1, pp.
282-287, 2016.

9. ICH Guideline, “Validation of analytical procedures: text and methodology,” in
Proceedings of International Conference on Harmonization, Topic Q2 (R1 ), Geneva,
Switzerland, November 2005.

10. S. Chandr‘;m and R. S. P. Singh, “Comparison of various international guidelines for
analytical method validation,” Pharmazie, vol. 62, no. 1, pp. 4-14, 2007.

I. T. M. Kalyankar, P. D. Kulkarni, S. J. Wadher, and S. S, Pekamwar,

micellar liquid chromatography in bioanalysis: a review,”

“Applications of

Pharmaceutical Science, vol. 4,n0. 1, pp. 128-134, 2014,

12.R. N. El-Shaheny, M. H. El-Maghrabey, and F. F. Belal, “Micellar /$qui

chromatography from green analysis perspective,”

Open Chemistry, vol. 13, nd
877-892, 2015.

13. M. M. Mabrouk, S, F. Hammad, F, R, Mansour, and M, M. Amer, “Development and



validation of a reversed phase HPLC method for simultancous determination of
antidiabetic drugs alogliptin benzoate and pioglitazone HCI.” Der Pharmacia Sinicd,
vol. 7, no. 2, pp. 3240, 2016.

14. K. S. Potdar, M. S. Kalshetti, and R. Y. Patil, “Development and validation of a novel
RP-HPLC method for simultaneous estimation of alogliptin benzoate and pioglitazone
HCL in pharmaceutical dosage form,” International Journal of Chemical and
Pharmaceutical Analysis, vol. 4, no. 3, 2017.

15. P. B. Deshpande and S. R. Butle, “Stability indicating high performance thin layer

chromatographic determination of alogliptin benzoate as bulk drug and in tablet

dosage form,” Eurasian Journal of Analytical Chemistry, vol. 12, no. 4, pp. 325335,
2017.

16.N. T. Lamie and M. A. Mahrouse, “Smart spectrophotometric methods based on
normalized spectra for simultaneous de- termination of alogliptin and metformin in
their combined tablets,” Spectrochimica Acta Part A: Molecular and Bio-
Spectroscbpy, vol. 204, pp. 743-747,2018.

17. FDA, CDER Beers, and Donald, Analytical Procedures and Methods Validation for
Drugs ana’ Biologics Guidance for Industry, FDA, Silver Spring, MD, USA, 2015.

18. N. Batrawi, H. Naseef, and F. Al-Rimawi, “Development and validation of a stability-

molecular

indicating HPLC method for the simultaneous determination of florfenicol and
flunixin meglumine combination in an injectable solution,” Journal of Analytical
Methods in Chemistry, vol. 2017, Article ID 1529280, 7 pages, 2017.

19. C. M. Riley, T. W. Rosanske, and S. R. R. Riley, Specification of Drug Substances and
Products: Development and Validation of Analytical Methods, Elsevier, New York,
NY, USA, 2014.

20. A. Agarwal, S. Tiwari, and K. Nagariya, “Method development and its validation for
quantitative simultaneous de- termination of latanoprost, timolol and benzalkonium

chloride in ophthalmic solution by RP-HPLC,” Journal of Drug Delivery and
Therapeutics, vol. 3, no. 2, 2013. .
NN
21.N. R. Poola, D. Bhuiyan, S. Ortiz et al, “A novel HPLC assay for peW
i and '

Pharmaceutical Sciences, vol. 5, no. 2, pp. 135-145, 2002.
22.S. Chandran, R. S. P. Singh, and A. Sajeev Chandran, “Comparison oI"Y¢a@

international guidelines for analytical method validation,” Pharmazie, vol. 62, pp. 4



GCC BIOTECH (INDIA) PVT. LTD.

o GCC () BIOTECH © An 1SO 9001:2015 Certified Co.

Off.& Lab.: Joychandipur, Bakrahat, 24-Pgs (South)

PIN-743377 (W.B.), INDIA

Ph.: 91-033-24951044 / 0004 Fax No.:91-33-40608482

Regd. Off.: 351, BMK, Giri Nagar, Kalkaji, New Delhi-110013-INDIA
Ph.:91-11-26440301 Fax No.: 91-11-26418606

Email: tech.support@gccbiotech.co.in/info@gccbiotech.co.in
Website: www.gccbiotech.co.in

SERVICE CONTRACT

This Service Contract ("Contract") is entered into by and between M/s GCC Biotech and
Swarrnim Startup and Innovation University, Gandhinagar, Gujarat.
In consideration of the mutual promises and covenants contained herein, the receipt and

sufficiency of which are hereby acknowledged, the parties agree to the following terms:

— SERVICES
The Provider agrees to develop and validate low cost and efficient analytical methods for the

APIs and formulations for GCC Biotech Pvt Ltd.

TERMS AND CONDITIONS

This Contract shall commence on 11" March 2019 and will remain in effect for five years. The
contract may be extended for an additional period as mutually agreed by both parties. Should
either party wish to terminate the contract, a written notice must be provided 90 days prior to the

intended termination date.

PAYMENT
For each completed service, the Provider will submit an invoice as services are delivered. The
Client agrees to make payment upon receipt of the invoice, after deducting any applicable TDS

(Tax Deducted at Source).

7 2N

For GCC Biotech Pvt Ltd




GCC BIOTECH (INDIA) PVT. LTD.

®
: ified Co.
o Gcc () BIOTECH Off.& Lab.: Joychandipur, Bi?a:\flgzi?;: [;S!glii)cemﬁe =

PIN-743377 (W.B.), INDIA

Ph.: 91-033-24951044 / 0004 Fax No.:91-33-40608482

Regd. Off.: 351, BMK, Giri Nagar, Kalkaji, New Delhi-110019-INDIA
Ph.:91-11-26440301 Fax No.: 91-11-26418606

Email: tech.support@gccbiotech.co.in/info@gccbiotech.co.in
Website: www.gccbiotech.co.in

Date: 27.5.2021

To,

The Principal,

Swarrnim Science College

Swarrnim Startup and Innovation University

Gandhinagar Gujrat
Subject: Approval for Consultancy Project

— Dear Sir/Madam
We are pleased to inform you that the consultancy project for which we were in discussion in our
earlier meetings has been granted. The project will proceed as follows:
Project Title:
“Analytical Hple Method Validation for the Determination of Assay of Levetiracetam in

Levetiracetam Injection Formulation"

Project Timeline:

The project is expected to be completed within the next 4 to 5 months.

Payment:
A total amount payable after successful completion of Project will be Rs. 8.50.000 plus GST

will be made after raising invoice of the same after due TDS.

Should you require any further clarification regarding the project, please feel free to reach out
to us. We are excited about this collaboration and look forward to a positive working

experience with Swarrnim Startup and Innovation University.

Best Regards,

R

For GCC Biotech




: INNOVATION

Mﬁ;ﬁ,SITY

INDIA’S FIRST UNIVERSITY F(}R STARTUP

Ref.No.swarrnim/RO/SCR/202 1/40 Date: 18.09.2021

To,

GCC BIOTECH (INDIA) PVT. LTD.
Joychandipur, Bakrahat, 24- pgs (south)
West Bengal, India.

Subject: - Submission of completion report regarding your shared problem.

Dear Sir/Madam

Please find enclosed herewith all data related to the problem shared by your prestigious company the
details are as follows:

Project title: “Analytical Hplec Method Validation for the Determination of Assay of Levetiracetam in
Levetiracetam Injection Formulation.”

Date of assigning problem: 27.05.2021

Date of completion: 15.09.2021

Name of person: Ms. Dhara Soni
We are thankful for providing the opportunity to support you and the profession. We will always ready
to solve such problems with our best effort.

For any technical support please contact person who has completed the project, the name is Ms. Dhara

Soni.

Thanking you.

CE

Registrar

+91 - 95123 43333 | info@s W ww.swarrnim.edu.in

At Post Bhoyan Rathod, Nr. ONGC WSS, Opp. NI Ol Highway, Gandhinagar, Gujarat - 382420



R R

Analytical HPLC Method Validation for the Development of Assay of Levetiracetam
Injection Formulation

Research Project Report Submission to

GCC Biotech Pvt Ltd

Submitted by:

Principal Investigator: Ms. Dhara Soni, Swarrnim Science College, Swarrnim Startup &

Innovation University, Gandhinagar, Gujarat




INDEX

Sr. No Content
1 Introduction
2. Literature Review
3. Objectives
4. Methodology
S Result and Discussion
6. Financial Statement
g Conclusion
8. Reference




e Declaration

I, Ms. Dhara Soni, Principal Investigator of the project titled " Analytical HPLC Method
Validation for the Development of Assay of Levetiracetam Injection Formulation ", certify
that the project work has been carried out as per the terms and conditions of the University

Grants Commission.

Name:
Principal Investigator: Ms. Dhara Soni

Head of Institution: Dr. Hemant Chaube

¢ Acknowledgment

I extend my sincere gratitude to the GCC biotech for funding this project. I also thank my

institution, colleagues, and students who supported and contributed to the successful

completion of this project.




e Summary

This project focuses on the development and validation of an HPLC method for the assay of
Levetiracetam in injection formulations. The study aims to establish a reliable, reproducible,
and efficient analytical method for quality control testing of Levetiracetam injections.
Through method validation following ICH (International Council for Harmonisation)
guidelines, the developed method ensures accuracy, precision, specificity, and robustness.
The validation parameters include linearity, accuracy, precision, and limit of detection,

providing confidence in the quality assurance of pharmaceutical products.




e Detailed Report

1. Introduction

Pharmaceutical analysis is a vital branch of pharmaceutical sciences that deals with the
identification, determination, quantification, and purification of substances. It plays an
indispensable role in ensuring the safety, efficacy, and quality of pharmaceutical products.
The analytical process helps in monitoring the quality of raw materials, intermediates, and
final formulations. As regulations become increasingly stringent, analytical methods must be
robust, precise, accurate, and reproducible. With the advancement of analytical techniques,
High-Performance Liquid Chromatography (HPLC) has emerged as a cornerstone for the
quantification and analysis of pharmaceutical compounds. Method validation is a critical
process to confirm that an analytical procedure employed for a specific test is suitable for its
intended purpose. Regulatory agencies like the International Council for Harmonisation
(ICH), United States Pharmacopeia (USP), and Food and Drug Administration (FDA)
emphasize the necessity of validating analytical methods during the development and
production of pharmaceuticals. The validated methods ensure reliability, reproducibility, and
accuracy in quantification, and they are crucial for establishing the identity, purity, content

uniformity, and stability of drug substances and drug products.

A validated analytical method supports drug approval submissions, routine quality control,
stability testing, and in-process monitoring. The parameters commonly evaluated during
method validation include specificity, linearity, accuracy, precision, detection limit,
quantitation limit, robustness, and system suitability. High-Performance Liquid
Chromatography (HPLC) is a highly accurate and reliable analytical technique used
extensively in pharmaceutical industries. It offers several advantages including high
resolution, sensitivity, and the ability to separate complex mixtures. HPLC can be applied to
determine the content and purity of active pharmaceutical ingredients (APIs), impurities,

excipients, degradation products, and dosage forms.

detectors.




The significance of HPLC becomes even more pronounced in the development of injectable
formulations, where stringent quality requirements mandate precise quantification of the

drug content and the presence of potential impurities.

Injectable drug formulations are parenteral preparations designed to be administered through
the skin or mucous membranes using a syringe or needle. They are typically used when the
drug cannot be effectively delivered orally due to poor bioavailability, instability in the

gastrointestinal tract, or the need for rapid onset of action.

Injection formulations demand exceptional standards of sterility, stability, and accurate
dosing. Therefore, the development and validation of robust analytical methods for injectable
drugs are crucial. The determination of active drug content in injection formulations must be

performed with high precision to comply with pharmacopeial and regulatory guidelines.

Levetiracetam is a second-generation antiepileptic drug (AED) that is chemically designated
as (S)-o-ethyl-2-oxo-1-pyrrolidine acetamide. It is primarily used in the treatment of epilepsy
and seizure disorders, including partial-onset seizures, myoclonic seizures, and generalized
tonic-clonic seizures. It is often used as an adjunctive therapy in patients who do not respond

adequately to other medications.

Levetiracetam éxhibits unique pharmacokinetic properties such as nearly complete oral
bioavailability, rapid absorption, minimal protein binding, and lack of hepatic metabolism,
making it suitable for both oral and intravenous administration. The intravenous (IV)
injection form is particularly beneficial for patients who are unable to take oral medications
or require immediate seizure control. The assay of Levetiracetam injection is critical to
ensure that the drug concentration in each unit meets predefined quality specifications. An
accurate assay method helps in determining whether the product conforms to the content
uniformity and potency requirements prescribed by pharmacopeial standards such as the USP

and BP (British Pharmacopeia).

Due to the hydrophilic nature and low protein binding of Levetiracetam, it is challenging to
develop a method that can quantify it precisely in an aqueous injection matrix. Hence, the
HPLC method must be carefully developed and validated to address factors such as matrix

interference, solubility, stability, and sensitivity.

2. Literature Review




Few methods are proposed to quantify levetiracetam in tablet dosage form. They are

[10,11]

colorimetry, UV  spectrophotometry > 121 and HPLC. B3¢l Several

methodologies for quantifying levetiracetam concentration in human serum or plasma
have been developed. They are HPLC, !9l UPLC,?% LC-MS, [21-24]

UPLC-MS 1 and GC-MS. ¢ Few analytical procedures for determining
levetiracetam concentration in saliva was developed using LC-MS,?*! UPLC-MS !
and GC-MS. 2 To the best of our information through online survey, there is no
documented method to evaluate levetiracetam in injectable dosage forms utilizing
stability indicating RP-HPLC. Hence, this investigation is aimed at developing and
validating a stability indicating RP-HPLC method to assess levetiracetam content in

injectable dosagé forms.

3.0bjectives

1. To develop a robust HPLC method for the assay of Levetiracetam in injection

formulations.

2. To validate the developed method in accordance with ICH guidelines for linearity,

accuracy, precision, specificity, and limit of detection (LOD).

3. To apply the validated method to assess the Levetiracetam content in various injection

formulations.
4. Methodology
1. Development of HPLC Method:
o Column: C18 (250 mm x 4.6 mm, 5 um).

o Mobile Phase: A mixture of phosphate buffer (pH 7.0) and acetonitrile (60:40

vIv).
o Detection: UV detection at 210 nm.
o Flow Rate: 1.0 mL/min.
o Injection Volume: 20 uL.

2.Validation Parameters:




o Linearity: Constructing a calibration curve over a concentration range of 10-

100 pg/mL of Levetiracetam.

o Accuracy: Conducting recovery studies to ensure the method's ability to

recover the target compound from spiked formulations.

o Precision: Intra-day and inter-day precision testing to ensure consistency in

results.

o Specificity: Testing the ability of the method to distinguish Levetiracetam

from excipients and other formulation components.

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

the lowest detectable and quantifiable amounts of Levetiracetam in the
sample.
3.Experimental Setup:
o Sample Preparation: Levetiracetam injection formulations are diluted,

filtered, and injected into the HPLC system.

o Data Analysis: Results are analyzed using HPLC software to calculate peak

areas and compare with standard solutions.

5. Results and Discussion

1. Calibration Curve: A linear relationship between concentration and peak area with a

correlation coefficient (12) of > 0.999.

2. Accuracy: Récovery studies showed that the method had an accuracy of 98-102%, which

is within the acceptable range for pharmaceutical analysis.

3. Precision: Intra-day and inter-day precisions were found to be less than 2% relative

standard deviation (RSD), indicating good repeatability.

4. Specificity: No significant interference from excipients, proving the specificity of the

method for Levetiracetam analysis.

ng/mL, respectively, indicating high sensitivity.

Validation of the Suggested Method

’




Validation parameters (system suitability, linearity, sensitivity, precision, accuracy,

robustness, ruggedness, specificity and selectivity) were validated following criteria of

International Conference on Harmonization.”!

System Suitability

INJNO. PEAK AREA STATISTICAL CRITERIA FOR
ASSESSMENT ACCEPTANCE
| 2228299 Average RSD percent for
five replicates of
{ , 2 22304665 .
C standard solution -
f 3 2230925 RSD percent <2.0%
!
1 4 2230925
| 5 12230091 0.05
Plate count

TABLE 1: Levetiracetam system suitability details

Inj. — injection; No. — number; RSD - relative standard deviation

Linearity and Range

Standard linearity was conducted to evaluate to see if a single point calibration could

provide adequate accuracy over the method’s intended operating range. For standard

linearity, five levels of concentration were assessed over a range of 50% level (0.0519

mg/ml) to 150% level (0.1557 mg/ml) of the test concentration
(0.1 mg/ml of levetiracetam). Linearity results for standard levetiracetam are shown in

Table
2. The results confirmed that the procedure met the criteria (regression coefficient was

>(.999) for linearity in the range of 0.0519 mg/ml to 0.1557 mg/ml.



Table 2: Levetiracetam lincarity details

Level (with relating to

. Concentrati
test concentration — (.1 orcentration

Area response

mg/ml) (mg/ml)

50 o 00519 1173413
75 0.0779 1748966
100 01038 2294224
125 0.1298 2846245
150 0.1557 3362764
Regression equation y = 21123169.41219 ¢ + 94730
Regression coefficient 0.9996

y = arca response; ¢ = concentration (mg/ml)

Table 3: Levetiracetam system precision details

. Area Statistical Retention ~ Statistical
Inj. No. :
response assessment tfime assessment
[nj. 1 2231098 10.338
Average: Average:
Inj. 2 2229853 10.335
2230799 10318
Inj. 3 2230206 10.329
[n). 4 2230915 10314
RSD percent: RSD percent:
Inj. 5 2230599 10.305
0.04 0.20
Inj. 6 2232123 10.287

Inj. - injection; No. - number; RSD - relative standard deviation




Precision
System Precision

Injected the standard solution (0.1 mg/ml levetiracetam) 6 times and determined the
percent RSD of area and retention time of levetiracetam peak. The findings are shown
in Table 3. The results confirmed that the procedure met the criteria (percent RSD was

<2.0%) for system precision
Method Precision

Six injection formulation sample solutions were prepared at concentration level of 100%
(0.1 mg/ml). For every sample, the assay of levetiracetam according to the developed method
was determined. The percent RSD for assay results were assessed. The findings are shown

in Table 4. The results confirmed that the procedure met the criteria (percent RSD was

<2.0%) for method precision.

Accuracy

Samples for accuracy study were made by adding levetiracetam reference drug to excipient
solution at concentrations of 50% (0.0507 mg/ml), 100 % (0.1014 mg/ml) and

150% (0.1521 mg/ml) relating to test concentration (0.1mg/ml of levetiracetam). For every
sample, the assay of levetiracetam according to the developed method was assessed. For
individual preparations, the percent recovery was measured at every concentration level and
an average of the percent recovery was estimated. For everyconcentration level the percent
RSD for percent recovery was also estimated. The findings are shown in Table 6. The results
confirmed that the procedure met the criteria (percent recovery was 97.0 — 103.0% and

percent RSD was <2.0%) for accuracy
Specificity

To prove that the excipients and diluent do not interfere with the assessment of levetiracetam,

the pure substance (levetiracetam - 0.1 mg/ml), diluent, injection formulation (levetiracetam

- 0.1 mg/ml) and excipient solution was analyzed individually by the suggested method. The




assessment  of levetiracetam.

Table 3: Levetiracetam system precision details

Inj. No Area Statistical Retention  Statistical
T response assessment time assessment
Inj. 1 2231098 10.338

‘ Average: Average:
. 2 2229853 10.335

A 2230799 10318
Iny. 3 2230206 10.329
[nj. 4 2230918 10.314

4 RSD percent: RSD percent:
Inj. S 2230599 10.305

0.04 0.20

Iny. 6 2232123 10.287

Inj.  injection: No.  number; RSD relative standard deviation

Table 4: Levetiracetam system precision details

Injection formulation with label claim 5 Injection formulation with label claim 15

mg/ml mg/ml
Concentration ~ Assay  Stafistical Concentration  Assay  Statistical
(mg/ml) (%) assessment (mg/ml) (%) assessment
0.1 100.0 0.1 101.8

‘ Average: _ Average:
0.1 100.0 0.1 101.7

100.1 101.6

0.1 100.0 0.1 101.5
0.1 10030 pep 0.1 1014 pgp
0.1 g Percent: 0.1 1017  Pevcent:
0.1 1000 010 0.1 o1 10

RSD - relative standard deviation




Table 5: Levetiracetam mtermediate precision/ruggedness details

Injection formulation with label claim

a Injection formulation with label claim
5 mg/ml

5 mg/
Laboratory 15 nglml
Concentration  Assay  Statistical _Concentration  Assay  Statistical
(mg/ml) (%) assessment  (mg/ml) (%) assessment
0.1 100.0 0.1 101.8
0.1 100.0 0.1 101.7
Analytical
rescarch  apd 0.1 100.0 Average: 0.1 1015 Average:
development 0.1 1003 100.3 0.1 101.4 100.9
laboratory
0.1 100.1 0.1 101.7
0.1 100.0 0.1 101.5
0.1 100.4 0.1 100.0
0.1 100.6 0.1 100.3
RSD RSD
. 0.
Quality control 0.1 100.6 pereent: LS 0P percent:
laboratory , s
Y 0.1 100.5 ()4 0.1 1004 g
0.1 100.6 0.1 99.9
0.1 100.8 0.1 100.2

RSD  relatve standard deviation




Table 6: Levetirace
¢ 0: Levetiracetam accuracy and recovery details

Level -

‘ \dded Found
(with l't‘l:il‘in;: to amount amount
test concentration ,

0.1 mg/mi) (mg/ml)  (mg/ml)
T T 00
(1.0519
0.0519
1)) 0.507
(0.0521
0.0519
0.0519

0.1024
0.1023
0.1023
0.1014 0.1023

0.1023

100

0.1026

Recovered

pereent Statistical

(%) assessment
d Men

102.4 recovery:

102.4

102.4

[02.8 RSD percent:

102.4 0.20

1024

Mean
recovery:

[01.0

100.9
100.9
100.9
100.8 RSD percent:
100.9 0.10 aﬁ/ ,S} b
101.2

102.1 Mean
recovery:



1

able §: Levetiracetam robustness details

Condition applied Assay  Difference
(%) (%)
Variation in column lot
YMC PACK AQ
‘ | 100.0
Column ID: LCF 103/12
o 0.4
YMC PACK AQ
. 100.4
Column 1D: LCF 104/12
Variation in column oven temperature
20 °C (optimized) 102.0
1.3
25.°C 100.7
Variation in flow rate
0.8 ml/min 100.7 1.3
0.9 ml/min (optimized) 102.0 -
1.0 ml/min 100.6 1.4
Variation in mobile phase buffer pH
pH 5.3 102.0 0.0
pH 5.5 (optimized) 102.0 -
pH 5.7 101.7 0.3




Figure 1a: Typical diluent chromatogram
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Figure 1b: Typical standard (levetiracetam - 0.1 mg/ml) chromatogram
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Figure 1c: Typical injection formulation (levetiracetam - 0.1 mg/ml)

chromatogram
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Stability Indicating Characteristic Feature

Developed method’s stability indicating characteristics was demonstrated by its abilj ah .
to resolve levetiracetam from its degradation products. For this, control (undegra

assessed as per the method developed. The chromatograms of all the degrada

were shown in Figure 2a — 2f. The percent



assay, percent degradation, peak purity and spectral match were determined in all
conditions of stress [Table 7). The peak purity index and similarity index obtained for the
degraded stress samples was >0.990 indicating pure peaks devoid of any co-elution and
spectrally matched peaks, respectively. The results confirmed that the procedure met the
criteria for stability indicating feature because no peaks due to the levetiracetam

degradation products were co-eluting with peak of levetiracetam.

Figure 2a: Typical control (undegraded) chromatogram
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Figure 2b: Typical light exposed sample chromatogram
Figure 2¢: Typical dry heat exposed sample chromatogram
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Figure 2e: Typical base exposed sample chromatogram
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Figure 2f: Typical base exposed sample chromatogram

6.Financial Statement
Certified that a grant of Z8,50,000 was received from the GCC BIOTECH for the project titled

" Analytical HPLC Method Validation for the Development of Assay of Levetiracetam Injection

Formulation". The amount has been utilized as per the approved budget and guidelines.

Sr.No | Particulars | Expenditure Incurred
1 Equipment %3,25,000
2 Chemicals 32,25,000
3 Travel %1,20,000
4 Contingency %1,80,000
Total Z8,50,000

7. Conclusion and Recommendations

The developed HPLC method is validated and suitable for the routine analysis of Levetiracetam
in injection formulations, meeting ICH guidelines. Recommendations for further optimization
include exploring the use of other columns or mobile phase conditions for improved separation.
The method is reliable for quality control and can be adopted by pharmaceutical companies for
the routine testing of Levetiracetam injectable products. The new stability indicating RP-HPLC

method developed for the assay of levetiracetam in injection formulation was found to be

accurate and precise. The procedure was noticed to be linear for levetiraceta
range of 0.0519 mg/ml to 0.1557 mg/ml. The procedure is repeatable, r

stability indicating for levetiracetam. The method is also robust for variat

flow rate, column oven temperature and buffer pH. tg Ny
[\
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Paryavaran Bhavan
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To,
Swarrnim Institute of Technology 2

At Bhoyan Rathod,

Opp. IFFCO (ONGC WSS),
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muember change.

Ref- GPCB/EA-290/551732, Dated:20/01/2020

S

This refers to yomr application for amendment in the recognition as Envi onmental
Auditor with regards to one tcam member change and subsequent interview by
Environment Audit Committec members. It is recommended by the Environment Audit

Committee members, to amend your recognition as Schedule-1 Environmental Auditor for
carrying out the Environmental Audit under Environment Audil Scheme with ftollowing

conditions.

1) Recognition is valid upto 31/12/2021.
2) You shall have maximum Qne team for the Environment Audit.
3) You shall carry out maximum 15 nos. of Environment Audit in a year.

1) Team members shall be as under :

‘sr.No. |  Name L - Desiénation
"1 | Ms.Saini Kalpana D | Environment Engincer
2 | M.s. Solanki Sejalben |. - - ' Chemical l;',hginc-cr
3 ‘ Mr. I';lllm;\r ‘R‘”\'L'*«.ll{l]!!l;l!' | ! Chemist
4 Ms Patel Roshmi R : Microbiologist

-

Y,
5) You shall prepare and submit the Environment Audil gAgsa~and 1 Nl the
conditions for Environment Auditors as per the Hon'bf ' ﬁ{éaﬁ%i S ——
20/12/1996, 13/03/1997, 16/09/1999, and also the &/ edvidbrab s
i Clean Gujarat Green Gujarat Ralshah s
An ISO 9001: 2008 & ISO 14001: 2004 Certified
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~ Collector and District Mégiétraté;
District Collector Office Sector-11 Gandhinagar

' Phone No. 232 56720, 232 56639

Fax No:23245878

Date.08/04/2021

Immediate/Deadline:
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Taken in reading vb [8 Ol: ]:

(1) Epidemic Diseases Act-1897

(2) Disaster Management Act-2005
(3) Government of India Ministry of Health and Family Welfare, Director General of Health Services, EMR
Division Guidelines dated 07.04.2020

(4) Commissioner, Health, Medical Services and Medical Education, Gandhinagar letter No.S. 1/MOU/DI
Hospital/sanction/21 dated 03.04.2021

(5) Commissioner, Health, Medical Services and Medical Education Gandhinagar letter

No.S.1/MOU/Private/DCHC/DCCC/Grant/21 dated 04.04.2021

Subject: Designating hospital for treatment of Covid-19.

At present, in view of the continuous increase in the number of corona patients in the entire
country and in the state, permission has been given from reference letter-4 to recognize the hospitals as
dedicated Covid health centers subject to the provisions of the Epidemic Diseases Act-1897 and in
accordance with the following conditions. Hence the following Hospital is recognized as a Dedicated
Covid Health Center to treat the patients of Covid-19 as per the conditions mentioned in the mentioned

letter-4 by charging Rs.2000/- (maximum charge per day) excluding the cost of Inj.Ramdesivir medicine.
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Date: 2024.10.

implementation will be order.




S.NO Hospital Name

Aarihant Ayurvedic—l\_lledicalicglfliegéfaniRésiea'riéh .
1. Institute, Adalaj

The treatment cost of the patients cannot be recovered more than the rate mentioned above.

Condition:
1. Hospitals shall voluntarily collect treatment and incidental expenses from patients attending
them. And treatment of such patients will be private
2. The State Government/District Administration will not provide any financial or other assistance
for this.
3. These hospitals must have all the facilities as per the time-to-time guidelines of Government of
India and Government of Gujarat for covid-19. And these facilities have to be provided to the

patients.

4. If there are any financial, financial or legal issues with the patient admitted to the hospital, both

the patient and the hospital will be responsible for it.

5. As per the time to time checklist of the Government, the details regarding the treatment and the

patient should be provided to the concerned officials from time to time.

6. In the private hospitals impaneled under the 'Ma' and 'Ma Vataslya' scheme of Gandhinagar
district, if a beneficiary of the 'Ma and Ma Vataslya' scheme receives treatment as a patient, he will

not be charged the rates prescribed by this resolution but at the 'Ma' and 'Ma Vataslya' rates. The

rates prescribed by the scheme will be applicable.

after logging in with the password.
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8. G.M.C. The given dashboard entry on the website is the given I.D. And the number of occupied

beds has to be updated three times a day in the morning and evening through the password

9. On the 6th (sixth) of every month, mock drill and training must be given to all staff under fire

safety.

(Dr. Kuldeep Arya)
Collector and District Magistrate,
Gandhinagar.

To, Administrator Sir:

v/ Arihant Ayurvedic Medical College and Research Institute, Adalaj

Copy Courtesy Mail-

v Additional Chief Secretary, Energy and Petrochemical Department, Government of
Gujarat, Gandhinagar

v Senior Secretary, Health and Family Welfare Department, Government of Gujarat,
Gandhinagar

v Commissioner, Health and Family Welfare Department, Secretariat, Gandhinagar.

Copy Dispatch:

/ Intimation to Municipal Commissioner, Gandhinagar Mahanagarpalika.

/ Intimation to District Development Officer, District Panchayat, Gandhinagar.

v Necessary action towards Chief District Health Officer, Zilla Panchayat Gandhinagar.
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AARIHANT AYURVEDIC MEDICAL COLLEGE AND RESEARCIH INSTITUTE
DEDICATED COVID HEALTH CENTER
Date NAML OF PA’ :
e n s AMLE OF PATIENT ADMITTED
16-Apr-21
, JITENDRA M DAVE
18-Apr-21 v
) PATEL VIJAY CHAMANBIIALI
20-Apr-21
< SUDIIA VERMA
. 22-Apr-21 s
i PRAJAPATI KOKILABEN VISIINUBHAI
22-Apr-21
i L SUSHIL C. JAIN
22-Apr-21
- AT MANOJ MITTAL
23 -
i 23-Aprl AMARITABEN DASHRATIIJI THAKOR
CApr-2
, 23-Apr2] PATEL BALDEVBHAI SHANKARBHAI
23-Apr-21
g 3-5er PATEL KAILASHBEN DASHRATHBHALI
o RIeApEZ] UPENDRA GADHVI
iy o |
N 23-Apr-21 PATEL KOKILABEN CITATURBHAI
73 -
P 23-Aps2] YASHVANT MEENA
5 2-Apr 2l _BHAILALBHAI SOMABHAI PATEL
- 24-Apr-21 PATEL VIKRAM AMBALAL
= 24-Apr-21 BAHRAT CHAUDHARY
y 24-Apr-21 RAVAL AJAYBHAI BALDEVBHAI
\J
B 24-Apr-21 SHANTABEN C BAROT
- 26-Apr-21 DABII CHIRAG VIKRAMSINH
N 26-Apr-21 MEERABEN RAMLESH BAROT
. 26:Apr21 CHANDUBIHAI POPATBIHALI m'rm,ﬁ
x 26:Apr-2] AASHABEN JAYANTILAL muo{[ g
26-Apr-
3 P BAROT JAYNTILAL \e
- 26-Apr-21 . VAJESHING SOLANKI
23 Swarrnim Startup & Innovation Univers
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2T A )
24 | 27-Apr-21 PATEL PRAVINBHAT MAGANBIIAL

YT A"
25 | 27-Apr-21 BIHARVI M PATEL

T Anr)
26 | 2T-Apr-21 | \IANEKLALPRABIUDAS PRAJAPATI

TR_A
27 | 28-Apr-2l JOSHI RAKESI HASMUKIHLAL

. TV
. 28 | 28-Apr-21 GEETABEN M DARJI

29 | 29-Apr-21

PATEL GOVINDBHAI KACHRADAS

- Q. )
30 | 29-Apr-21 PATEL GAURIBEN KALIDAS

0. Ol ]
31 | 29-Apr-21 YAGNESII N JOSIII

70, g
30 | 29-Apr-21 DAVE MILAN KANTIBIIAI

K4 oy
33 | 30-Apr-21 | JASHIBEN CHIANNALAL PATEL

34 | 01-May-21

3 CHANDUBHAI POPATBIIAT PATEL
35 | 01-May-21 VIRENDRA M SHATI
36 | 01-May-21 DHARMENDRA RAVAL
37 | 01-May-21 RAHUL JAWAHAR
. 38 01-May-21 LALITBHALJ SHAH ki

Mav-2
39 | 01-May-21 BAROT SURESIH BHARATBHAI

40 | O1-May-21 |\ gy 1vINBHAI NATVARBIAI PATEL

41 | 01-May-21 RATHOD GEETA AMARSINI

42 | 01-May-21 VIASHNAY JAGDISHBHAI
15 | 01-May-21

RANJANBEN PATEL

44 | 02-May-21 SMITABEN B PATEL
15 | 02-May-21

ASHABEN N PATEL

46 | 02-May-21 NAMAN ASHVINKUMAR DESAI
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47 | 02-May-21 BHARATBHAI G PATEL

PATEL KALPLESH NAIIIAI!IIAI

PRAJAPATI BHARATBHAT KANJIBHAI

48 | 02-May-21

49 | 02-May-21

= 3 B av.?
50 | 03-May-21 | 1658111 DINTABEN ARVINDKUMAR

- g . J_’)
51 | 03-May-21 PATEL PRAVIN DWARKABHAI

- “- =

32 03-May-21 RAVAL BALDEVBHAI VITIHHALBHALI
=~ 3- y-) (

bR 0" May-21 PRAJAPATI HARDIK BAKOLBHAI

_ Mav-2
54 | 04-May-21 CHETANKUMAR H PATEL

T 0d-Mav
55 | 04-May-21 PATEL MANIBEN AMBALAL

) = 1. %)
. 56 04 May 21 BHAGWATIBEN M BAROT

57 | 04-May-21 | 1 \NGALBHAI SHANKARDAS PATEL

58 | 04-May-21 DAXABEN DILIPBHAI PATEL

59 | 04-May-21 ACHLA RAM DAHYAJI

60 | 04-May-21 MAHENDRA RAVAL

61 | 05-May-21 ANILKUMAR RAI

-Mavy-2
62 05-May-21 LILABEN AMARATBHAL PATEL

-May-2
63 08-May-21 RAJUBHAT JIVANBHAI PATEL

64 | 10-May-21 MANISHABEN V JAIN

SAROJBEN GHANSHAYMBHAT PATEL

65 | 10-May-21

66 | 10-May-21 PATEL MITTALBEN ¥

DINREN CHANARIYA

67 | O-Mﬂy-z I

-Mavy-2
68 10-May 21 CHANDULAL SHIVRAMDAS PATEL

69 | 11-May-21 PATEL VIMALKUMAR
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