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Tswett. M, in 1806, in Warsaw, invented a new technique, while separating the plant
pigments by a column of calcium carbonate, which acted as an adsorbent and the different
substances get adsorbed to different extent and this give rise to the different coloured bands,
at different positions on the column. In Greek, chroma means colour and graphos means
writing. Hence, he termed the system of coloured bands as the chromatogram and the method

as chromatography.

High Performance Liquid Chromatography (HPLC)
HPLC is used to figure out the amount of specific compound in a solution. It supports reliable

quantitative range to allow the determination of substances in a single run. This method is
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considered to be rapid, accurate, precise and specific and offers the ease of automation. It is

because methods using HPLC have more advantages over the conventional methods.

Principle of HPLC

A mixture of sample is dissociated into components for its identification, quantification and
purification by HPLC, due to the differences in their relative affinities for the mobile phase
and stationary phase used. Especially, RP-HPLC, relies on the principle of hydropohobic
interactions, as the more non-polar the material is, longer it will be retained. Due to their low
affinities and polar nature, most of the drugs elute at a faster rate through the column and so

they are separated and detected easily.

Types of HPLC

There are following variants of HPLC, depending upon the phase system (stationary) in the
process:

1. Normal Phase HPLC

2. Reverse Phase HPLC

3. Size-exclusion HPLC

4. lon-Exchange HPLC

Application of HPLC

The information that can be obtained by HPLC includes resolution, identification and
quantification of a compound. It also aids in chemical separation and purification. The other
applications of HPLC include:

e Pharmaceutical applications

1. To control drug stability.

2. Tablet dissolution study of pharmaceutical dosages form.

3

Pharmaceutical quality control.

e Environmental applications
1. Detection of phenolic compounds in drinking water.

2. Bio-monitoring of pollutants.

e Applications in forensics
1. Quantification of drugs in biological samples.

2. ldentification of steroids in blood, urine etc.
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3. Forensic analysis of textile dyes.

4. Determination of cocaine and other drugs of abuse in blood, urine etc.

e Food and Flavour

1. Measurement of Quality of soft drinks and water.

2. Sugar analysis in fruit juices.

3. Analysis of polycyclic compounds in vegetables.

4. Preservative analysis.

e Applications in clinical tests

1. Urine analysis, antibiotics analysis in blood.

2. Analysis of bilirubin, biliverdin in hepatic disorders.

3. Detection of endogenous Neuropeptides in extracellular fluid of brain etc.
UV-Vis spectroscopy

UV-Vis spectroscopy is an analytical technique that measures the amount of discrete
wavelengths of UV or visible light that are absorbed by or transmitted through a sample in
comparison to a reference or blank sample. This property is influenced by the sample
composition, potentially providing information on what is in the sample and at what
concentration. Since this spectroscopy technique relies on the use of light, let’s first consider

the properties of light.
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Figure 1.1: UV Radiations.

Origen and Characteristics of UV-Visible Spectrum
UV-VIS spectrum results from the interaction of electromagnetic radiation in the UV-Visible
region with molecules, ions or complexes. It forms the basis of analysis of different

substances such as, inorganic, organic and biomolecules. These determinations find
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applications in research, industry, clinical laboratories and in the chemical analysis of
environmental samples. It is therefore important to learn about the origin of the UV-VIS

spectrum and its characteristics.

Radiation and Energy

Radiation is a form of transmitted energy Electromagnetic radiation is so-named because it
has electric and magnetic fields that simultaneously oscillate in planes mutually
perpendicular to each other and to the direction of propagation through space
Electromagnetic radiation has the dual nature: its exhibits wave properties and particulate

properties.

The nature of light

Light is a form of energy. Energy can be transferred from one point to another point either by
particle motion or by wave motion. Accordingly, different theories on the nature of light have
been proposed. The important theories are as follows: -

1. Particular like theory.

2. Electromagnetic wave theory.

Method development of drugs

The analyte is enough to know the information of the compound. One can select the most
suitable HPLC method development by the physical and chemical characteristics and by a
vast literature review. Information regarding the sample can be achieved by molecular
weight, structure, functionality, Pka value, UV-spectra and solubility of the compound. By
knowing whether the pure compound is organic soluble or water soluble, one can select the
best mobile phase and column for HPLC method development. In many laboratories, typical
detectors like Mass spectroscopy, UV-Visible detectors are used as they can detect a wide

variety of compounds.

Analytical methods are intended to establish the identity, purity, physical characteristics and
potency of the drugs. To support drug testing against specifications that arise during
manufacturing and quality release operators, as well as during long-term stability studies and
for safety and characterization studies or evolution of drug performance, methods are
developed. upon column efficiency, selectivity and retention time. For chromatographic

separation, mobile phase composition or strength plays a vital role.
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Method validation of drugs
According to ISO definition, validation is defined as “Verification, where the specified
requirements are adequate for an intended use.” Method validation can be used for

qualitative, semi-quantitative or quantitative methods.

The scientific soundness of the measurement or characterization and also to varying extents
throughout the regulatory submission process, the validation of analytical method is required.
The effort done in method development and optimisation leads to the effective development
of HPLC method and its final performance. For the method development of samples in

chromatographic separation, method validation is very important.

Method validation
This process consists of establishments of the performance characteristics and the limitation
of the method.

Method performance parameters are determined using equipment that is
1. Within specification

2. Working correctly

3. Adequately calibrated

Method validation is required when

1. Anew method is being developed

2. Reuvision of the established method

3. When established method are used in different laboratories and by different analysts etc.
4. Comparison of method
5

. When quality control indicates method changes

Performance characteristics examined when carrying out method validation are
Accuracy

Precision

Specificity

Selectivity

Sensitivity

Limit of detection.

N o g~ w D RE

Limit of quantification
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8. Linearity and Range
9. Ruggedness

10. Robustness

11. System suitability

1. Accuracy

The accuracy is the closeness of the measured value to the true value for the sample. The ICH
documents recommended that accuracy should be assessed using a minimum of nine
determinations over a minimum of three concentrations levels the specified range (i.e., three
concentrations and three replicates of each concentration). Accuracy was tested (% Recovery
and % RSD of individual measurements) by analysing samples at least in triplicate, at each
level (80,100 and 120 % of label claim) is recommended. For each determination fresh

samples were prepared and assay value is calculated.

2. Precision

The precision of an analytical procedure expresses the closeness of agreement between series
of measurements obtained from multiple sampling of the same homogenous sample under the
prescribed conditions. Precision of an analytical method is usually expressed as the standard

deviation, relative standard deviation or coefficient of variations of a series of measurements.

vyl
. |Z(x—x)
Stanadard Deviation = ——
N n- 1

Where,

x = sample,

¥ = mean value of samples,
n = number of samples

) L Standard Deviation
Relative Standard Deviation = — * 100
x

Repeatability
Repeatability expresses the precision under the same operating conditions over a short
interval of time. Repeatability is also termed intra —assay precision.
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Intermediate precision
Intermediate precision expresses with in laboratories variations: different days, different

analyst and different equipment.

Reproducibility

When the procedure is carried out by different analyst in different laboratories using different
equipment, regents and laboratories setting. Reproducibility was determined by measuring
repeatability and intermediate precision. Reproducibility is assessed by means of an inter-

laboratory trial.

3. Specificity

An investigation of specificity should be conducted during the validation of identification
tests, the determination of impurities. An ICH document defines specificity as the ability to
assess unequivocally the analyte in the presence compounds that may be expected to products
and matrix components. The definition has the following implications:

Identification test

Suitable identification tests should be able to discriminate compounds of closely related
structure which are likely to be present. Ensure identity of an analyte, the analyte should have

no interference from other extraneous components and be well resolved from them.

Purity test
To ensure that all the analytical procedures performed allow an accurate statement of the
content of impurity of the content of impurity of an analyte i.e. related substances test, heavy

metals, residual solvents etc.

Assay
To provide an exact result, this allows an accurate statement on the content or potency of the

analyte in a sample.

4. Selectivity
It is a procedure to detect qualitatively the analyte in the presence of compounds that may be
expected to be present in the sample matrix or the ability of a separative method to resolve

different compounds. It is the measure of the relative method location or two peaks.

Determination of selectivity: Selectivity is determined be comparing the test results

obtained on the analyte with or without addition of potentially interfering material. When
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such components are either unidentified or unavailable a measure of selectivity can be
obtained by determining the recovery of a standard addition of pure analyte to a material

containing a constant level of the other compounds.

5. Sensitivity
Sensitivity is the capacity of the test procedure to record small variation in concentration. It is
the slope of the calibration curve.

6. Limit of detection (LOD)
It is the lowest amount of analyte in a sample that can be detected, but not necessarily
quantities as an exact value, under the stated experimental conditions. The detection limit is

usually expressed as the concentration of analyte (percentage parts per million) in the sample.

Determination of detection limit
For instrumental and non- instrumental methods detection limit is generally determined by
the analysis of samples with known concentration of analyte and by establishing the

minimum level at which the analyte can be reliably detected.

3.3 X Standard Deviation
Lop =

Slope

7. Limit of quantification (LOQ)
It is the lowest amount of analyte in a sample that can be determined with acceptable
precision and accuracy under the stated experimental conditions. Quantification limit is

expressed as the concentration of analyte (e.g: % ppm) in the sample.

8. Linearity and Range

The linearity of an analytical procedure is its ability to obtain test results that are directly
proportional to concentration of analyte in samples. The range of an analytical is the intervals
between the upper and lower concentration of analyte in the sample for which it has been
demonstrated that the analytical procedure has a suitable level of precision accuracy and

linearity.

9. Ruggedness
Degree of reproducibility of test results obtained by the analysis of the same samples under a

variety of condition such as different laboratories, different analysts, different instruments
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etc., normally expressed as the lack of influence on test results of operational and

environmental variable of the analytical method.

10. Robustness

Robustness of an analytical method is measure of its capacity to remain unaffected small but
deliberate variations in method parameters and provides an indication of its reliability during
normal usage. Testing varying some or all condition:

» Solvent

« Column temperature

» pH of buffer in mobile phase

* Flow rate

« Wave length

AIM
A New Simple Method Development and Validation of Mirabegron in Bulk and
Pharmaceutical Dosage Form by RP-HPLC.

OBJECTIVE

Literature Survey.

Selection of Drug.

Selection of Method and Instrument.

To developed sensitive, rapid, accurate, precise and desirable method for estimation of drug
by RP-HPLC method.

To develop RP-HPLC method for Mirabegron.

To validate Novel Qualitative and Quantitative Analytical method development for estimation
of Mirabegron in bulk and pharmaceutical formulation as per ICH guidelines.

Statistical analysis of the recovery data obtained from different techniques for Mirabegron.

MATERIAL

Details of marketed formulation

(50mg) Mirabegron 50 Mg Tablets IPCA Pharmaceuticals Ltd. Mumbai
Details of standard drug and manufacturer

1 Mirabegron Standard (98.94%)

List of Chemicals use in Research work

Sr. No. Chemicals Grade
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1 Methanol HPLC

2 Disodium Hydrogen Phosphate GR

3 Potassium Dihydrogen Phosphate GR
14 Sodium Chloride GR

5 Ortho phosphoric acid GR

6 Hydrochloric acid GR

7 Sodium hydroxide GR

8 Hydrogen peroxide GR

9 Double distilled water GR

Method development

Chromatographic conditions

During mobile phase optimization Methanol: Acetonitrile: Potassium Dihydrogen Phosphate
(pH adjusted to 6.0 with orthophosphoric acid) in the ratio of 30: 30: 40 was found to be
satisfactory for Mirabegron. The low-pressure gradient mode at a flow rate of 1.0ml/min at
ambient temperature was used. The mobile phase was degassed and filtered through
membrane filter (0.22|1). The injection volume was 10 pL and the run time for the analysis
was 10 mins. The detection was carried out at 252 nm using UV detector. Water: ACN
(50:50) was used as a diluent in the study.

Preparation of standard stock solution

Accurately weighed quantity of Mirabegron was transferred into two separate 100ml
volumetric flask containing 60ml Diluent. The content was dissolved by sonication for 5
mins. The volume was made up to the mark with methanol. It was further diluted

appropriately using diluent to get desired concentrations.

Preparation of internal standard solution

Accurately weighed quantity of Mirabegron (100 mg) was transferred to 100ml of volumetric
flask containing 30ml methanol. The content was dissolved by sonication for 10mins. The
volume was made up to 100ml with water and aliquot was further appropriately diluted using

diluent to get a concentration of 10ug/ml.

Preparation of sample Solution and Assay of marketed formulation
Accurately weighed about 403mg of tablet powder (equivalent to 150mg of IRB and 12.5mg
of HCTZ) was transferred to 100 ml of volumetric flask containing 60ml of methanol. The
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sample was dissolved by sonication for 15 mins and volume was made up to the mark with
methanol. The resulting solution was filtered using membrane filter 0.22u. The filtrate was
further diluted appropriately with diluent to get 36 pug/ml of IRB and 3 pg/ml of HCTZ. This
diluted sample was then analyzed by HPLC.

For routine analytical purpose, it is always necessary to establish methods capable of
analyzing huge number of samples in a short time period with due accuracy and precision.

Mirabegron is official in Indian Pharmacopoeia.

CONCLUSION

A very few analytical methods appeared in the literature for the determination of Mirabegron
includes HPLC, HPTLC and UV- Visible spectrophotometric methods. In view of the above
fact, some simple analytical methods were planned to develop with sensitivity, accuracy,
precision and economical. In the present investigation HPLC method (Using Quality by
Design) for the quantitative estimation of Mirabegron in bulk drug and per ICH guidelines
pharmaceutical formulations has been developed. HPLC methods were validated as and
results of linearity, precision, accuracy, Specificity, System suitability and robustness pass the
limit. The HPLC method is more sensitive, accurate and precise compared to the previously
reported method. There was no any interference of excipients in the recovery study. The low
value of %RSD, molar extinction coefficient (L mol-1 cm-1) suggested that the developed
methods are sensitive. The proposed high-performance liquid chromatographic method has
also been evaluated over the accuracy, precision and robustness and proved to be convenient
and effective for the quality control of Mirabegron. Developed method was found simple and

cost effective for the quality control of Mirabegron.

SUMMARY
The contents of the thesis have been divided into Nine chapters and appropriate references

have been placed after the 9th chapter.

Spectrophotometric method was developed for the estimation of Mirabegron in

Pharmaceutical Formulation.

Designed of Experiment.

Optimized and Developed method for Spectrophotometry.
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Spectrophotometric method was validated for Linearity, Accuracy, Interday & Intraday

Precision, Specificity & Selectivity, Sensitivity, Robustness.

Optimized and Developed method for Chromatography.

Chromatographic method was validated for Linearity, Accuracy, Interday & Intraday

Precision, Specificity & Selectivity, Sensitivity, Robustness.

All the developed methods were successfully applied to determine the drugs in

Pharmaceutical preparation.
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