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1.1: General Introduction: 

Pharmaceutical analysis is essential in the process of quality control as well as quality 

assurance of pharmaceutical chemicals and their formulations. It provides information on 

the identity, purity, content and stability of starting materials, excipients and active 

pharmaceutical ingredients (APIs). It also ensures the safety, efficacy and quality of 

pharmaceutical products used for therapeutic purpose. Analytical methods are intended to 

establish the identity, purity, physical characteristics and potency of the drugs that we use. 

Such methods are developed to support drug testing against specifications during 

manufacturing and quality release operations, as well as during long-term stability studies 

[1-2]. 

 

To enhance the effectiveness and safety of the drug products after the approval, these 

products undergo several testing process to authenticate its identity, strength, quality, 

purity and stability by many regulatory agencies such as the United States Food and Drug 

Administration (FDA), then it is approved for sale. For this reason, pharmaceutical 

validation and process controls are important in spite of the problems that may encounter.  

 
Figure 1.1: Applications of Analytical Techniques 

 

1.2: Pharmacopoeias to ensure the safety of drugs 

Specifications and test methods for the commonly used active ingredients and excipients 

are monographed in detail in national pharmacopoeias in more than 38 states according to 

the World Health Organization (WHO). They include the United States Pharmacopeia 
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(USP), the European Pharmacopoeia (Ph.Eur.), which emerged from the harmonization of 

the regulations of a number of individual states, and the Japanese Pharmacopoeia (JP) to 

name but a few. The pharmacopoeias are official compendia which contain the statutory 

requirements regarding the identity, content, quality, purity, packaging, storage and 

labeling for active pharmaceutical ingredients and other products used for therapeutic 

purpose. Moreover, these are essential for anyone who wants to produce, test or market 

medicinal products.[3]. 

 

1.3: Analytical Techniques in Pharmaceutical industry:  

Instrumental analytical chemistry is a scientific field which includes a huge amount of 

different techniques. These techniques are widely used in different parts of the research, 

drug development, quality control, clinical diagnostics, structural analysis and many more. 

The increasing quality claim in the market requires the analysis of a great number of 

samples in a short period of time. In order to get accurate and reliable results, it is necessary 

to know the applied techniques as well as the information they provide. [4,5]  

 

1.3.1: Spectroscopy 

Spectroscopy measures the interaction of the molecules with electromagnetic radiation. 

Historically, spectroscopy refers to a branch of science in which visible light was used for 

theoretical studies on the structure of matter and for qualitative and quantitative analyses. 

The definition of spectroscopy is the study of matter and its properties by investigating 

light, sound, or particles that are emitted, absorbed or scattered by the matter under 

investigation. [6] 

 

1.3.2: Chromatography 

Chromatography means a separating and tentatively identifying the components of a 

chemical mixture. The principle of chromatographic separation is the molecules of the 

analytes are distributed between the mobile and the stationary phase.  
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Figure 1.2: Schematic presentation of a chromatographic system with partition of 

analyte-A between the stationary phases vs mobile phase 

 

1.3.2.1: Thin Layer Chromatography (TLC) 

The technique of thin-layer chromatography (TLC) incorporates a solid stationary phase 

and a mobile liquid phase to affect the separation of the constituents of a mixture. The rising 

liquid with capillary action serves as the mobile carrier phase. As it moves past the sample 

spot, the components of the sample become distributed between the stationary solid phase 

and the mobile liquid phase. For identification purposes, a high confidence level 

necessitates the use of experimental standards which can be compared to the results for 

confirmation of the suspect material’s chemical composition. Thin-layer chromatography 

cannot by itself provide an absolute and undisputed identification. Thus, TLC must be used 

in conjunction with other testing procedures in order to provide absolute proof of chemical 

identity. [7]    

 

1.3.2.2: Gas Chromatography (GC) 

Gas chromatography has an added advantage in that, it is extremely sensitive and can 

yield quantitative results. The amount of substance passing through the GC detector is 

directly proportional to the area underneath the recorded peak. The amount of sample can 

often be determined to within the nearest billionth of a gram. As the carrier gas (mobile 

phase) flows through the column, it carries along with it, the components of a mixture that 

have been injected into the column. Components will be separated according to their 

relative mobilities (and corresponding solubilities) in the mobile gas phase. As each 
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component emerges from the column, it enters a detector. One type of detector uses a flame 

to ionize the emerging chemical substance, thus generating an electrical signal. The signal 

is recorded onto a strip-chart recorder as a function of time. This record is referred to as 

a chromatogram.[8]  

             

1.3.2.3 HPLC: High Performance Liquid Chromatography: [9] 

                High performance liquid chromatography is basically a highly improved form of 

column chromatography. Instead of a solvent being allowed to drip through a column under 

gravity, it is forced through under high pressures of up to 400 atmospheres. That makes it 

much faster. It also allows you to use a very much smaller particle size for the column 

packing material which gives a much greater surface area for interactions between the 

stationary phase and the molecules flowing through it. This allows a much better separation 

of the components of the mixture. The other major improvement over column 

chromatography concerns the detection methods which can be used. These methods are 

highly automated and extremely sensitive. 

                  

1.4: HPLC instrumentation and functionality  

1.4.1: Functional Description of the Instrument  

 Mobile phase reservoir, filtering   

 Pump  

 Injector  

 Column  

 Detector   

 Data system   

 

 



Chapter 1                                                                                                                                   Introduction 

6 
 

 

 
Figure: 1.3: HPLC Instrumentation 

 

1.4.2: Mobile phase reservoir, filtering  
The most common type of solvent reservoir is a glass bottle. Most of the manufacturers 

supply these bottles with special caps, Teflon tubing and filters to connect to the pump inlet 

and to the purge gas (helium), used to remove dissolved air.  

 

1.4.3: Pump    

High pressure pumps are to force solvents through packed stationary phase beds. Smaller 

bed particles require higher pressures. Flow rate stability is an important pump feature that 

distinguishes pumps. The degree of flow control also varies with pump expense. More 

expensive pumps include such state of the art technology as electronic feedback and multi 

headed configurations. 

1.4.3.1: Modern pumps have the following parameters:  

 Flow rate range: 0.01 to 5mL/min  

 Flow rate stability: not more than 1%    

 For SEC flow rate stability should be less than 0.2%   

 Maximum pressure: up to 300MPa.   

 It is desirable to have an integrated degassing system, either helium purging, or 

membrane filtering. 
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1.4.3.2: Isocratic flow and gradient elution 

A separation in which the mobile phase composition remains constant throughout the 

procedure is termed isocratic (meaning constant composition). The word was coined by 

Csaba Horvath who was one of the pioneers of HPLC. A separation in which the mobile 

phase composition is changed during the separation process is described as a gradient 

elution. [12] In reverse-phase chromatography, solvent A is often water or an aqueous 

buffer, while B is an organic solvent miscible with water, such as Acetonitrile, methanol, 

THF, or isopropanol. 

 
Figure: 1.4:  HPLC Pump 

 

1.4.4: Injector   

           Sample introduction can be accomplished in various ways. The simplest method is 

to use an injection valve. In more sophisticated LC systems, automatic sampling devices 

are incorporated where the sample is introduced with the help of auto samplers and 

microprocessors.  In liquid chromatography, liquid samples may be injected directly and 

solid samples need only be dissolved in an appropriate solvent.  
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1.4.5: Column   

Typical HPLC columns are 5, 10, 15 and 25 cm in length and are filled with small diameter 

(3, 5 or 10 µm) particles. The internal diameter of the columns is usually 4.6 mm; this is 

considered the best compromise for sample capacity, mobile phase consumption, speed 

and resolution. However, if pure substances are to be collected (Preparative scale) then 

larger diameter columns may be needed (18). In order to achieve high efficiency of 

separation, the column material (micro-particles, 5-10μm size) packed in such a way that 

highest numbers of theoretical plates are possible. Silica (SiO2∙ XH2O) is the most widely 

used substance for the manufacture of packing materials. It consists of a network of 

siloxane linkages (Si-O-Si) in a rigid three dimensional structure containing inter 

connecting pores.[10]  

1.4.6: Detector   

Today, optical detectors are used most frequently in liquid chromatographic systems. These 

detectors pass a beam of light through the flowing column effluent as it passes through a 

low volume (~ 10 µl) flow cell. The variations in light intensity caused by UV absorption, 

fluorescence emission or change in refractive index, from the sample components passing 

through the cell, are monitored as changes in the output voltage. These voltage changes are 

recorded on a strip chart recorder and frequently are fed into a computer to provide 

retention time and peak area data.  The most commonly used detector in LC is the 

ultraviolet absorption detector. A variable wavelength detector of this type, capable of 

monitoring from 190 to 400 nm, will be found suitable for the detection of the majority 

samples.  Other detectors in common use include: Photo Diode Array UV detector (PAD), 

refractive index (RI), fluorescence (FLU), electrochemical (EC). The RI detector is 

universal but also the less sensitive one. FLU and EC detectors are quite sensitive (up to 

10-15pmole) but also quite selective.   
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Figure: 1.5: HPLC model Chromatogram 

1.4.7: Data system   

 Since the detector signal is electronic, using modern data collection techniques can aid the 

signal analysis. In addition, some systems can store data in a retrievable form for highly 

sophisticated computer analysis at a later time.  The main goal in using electronic data 

systems is to increase analysis accuracy and precision, in the meanwhile, reducing operator 

attention. There are several types of data systems, each differing in terms of available 

features. The advantages of intelligent processors in chromatographs are found in several 

areas. First, additional automation options become easier to implement. Secondly, complex 

data analysis becomes more feasible. These analysis options include such features as run 

parameter optimization and deconvolution (i.e. resolution) of overlapping peaks.  

 

1.4.8: HPLC Applications in Pharmaceutical Industry:  

In pharmaceutical industry, HPLC analysis is prominently used in quality control. Beside 

it is also used in R & D wings (research and development). 
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 In quality control, it is used to check if the prepared or manufactured products are 

in compliance with the specified standards as per the pharmacopoeia and other drug 

regulating bodies.  

 In R & D, as discussed earlier, it is used to identify the specific molecule or 

component in mixture under research. Further it is used for bioavailability studies, 

drug release from the formulation, dissolution studies etc. After a formulation is 

designed, the drug release is tested in bioavailability studies, over a period of time.  

 In addition to that, any new molecule under development or preclinical trial, are 

analyzed to monitor their concentration in the blood after certain intervals of 

administration. This helps to evaluate the metabolic profile, plasma concentration, 

bio-availability etc of the formulation or chemical moieties under development. 

 In plant constituents, there are many molecules with similarity in chemistry like 

flavones, glycosides, saponins etc. but with different activity or nutritional value. 

These compounds can’t be precisely determined by other methods. Hence they are 

determined by HPLC analysis by means of separation into individual components 

and there by identification. 

 For standards control by governments: The pharmacopeia making bodies like 

United states Pharmacopeia (USP),British Pharmacopeia (B.P) and others use 

HPLC extensively. They fix standards of control for any drug formulation the 

industry manufactures.  

1.5: Key Parameters of the analytical method validation [11-12] 

It is important for one to understand the parameters or characteristics involved in the 

validation process. The various performance parameters, which are addressed in a 

validation exercise, are grouped as follows.  

 

1.5.1. Accuracy 

The closeness of the test results obtained by the method to the true value was considered 

as accuracy. Accuracy can be expressed as % recovery.  
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1.5.2. Precision 

The reproducibility or the repeatability of the analytical method under normal operating 

conditions was considered as the method was precise. Precision can be expressed in terms 

of % relative standard deviation and the %RSD of <2 was found to precise. 1.5.3. Linearity 

and Range  

The ability to elicit test results that are directly proportional to the analyte concentration 

gives the linearity of an analytical method. The compound analyzed and detector used for 

the analysis gives the linear range of delectability that obeys Beer’s law. Linear least square 

regression (y=mx+c) analysis was used for expressing the range. In linear calibration curve, 

correlation coefficient (r) value should be close to 1. Range of an analytical method is the 

interval between the upper and lower levels of the analyte that have been demonstrated to 

be determined with precision, accuracy and linearity using the method as written.  

1.5.4. Limit of Detection (LOD) 

The LOD is the parameter of limit tests. It is the lowest level of analytes that can be 

detected, but not necessarily determined in a quantitative fashion, using a specific method 

under the required experimental conditions. S/N (signal to noise) method was used for the 

determination of LOD of the analytical method.  

1.5.5. Limit of Quantification (LOQ) 

LOQ is a parameter of quantitative assays for low levels of compounds in sample matrices 

such as impurities in bulk drugs and degradation products in finished pharmaceuticals.  S/N 

ratio of 10 can be considered as LOQ 

1.5.6. Selectivity and Specificity  

The selectivity of an analytical method is its ability to measure accurately and specifically 

the analyte of interest in the presence of components that may be expected to be present in 

the sample matrix.  

1.5.7. Robustness 

The robustness of an analytical method is a measure of its capacity to remain unaffected 

by small but deliberate variation in method parameters and provides an indication of its 
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reliability during normal usage. The determination of robustness requires the assessment 

of the characteristics of the methods, when one or more operating parameter varied.  

1.5.8. Ruggedness 

The ruggedness of an analytical method is the degree of reproducibility of test results 

obtained by the analysis of the same samples under a variety of normal test conditions such 

as different laboratories, different analysts, using operational and environmental conditions 

that may differ but are still within the specified parameters of the assay.  

1.5.9. Stability and System Suitability Tests 

Stability of the sample, standard and reagents is required for a reasonable time to generate 

reproducible and reliable results. System suitability test provide the added assurance that 

on a specific occasion the method is giving, accurate and precise results. The nature of the 

test and the acceptance criteria will be based upon data generated during method 

development optimization and validation experiments.  

1.5.10. System Suitability Testing 

System suitability testing is an integral part of many analytical procedures. The tests are 

based on the concept that the equipment, electronics, analytical operations, and samples to 

be analyzed constitute an integral system that can be evaluated as such.  

The parameters that are affected by the changes in chromatographic conditions are, 

 Retention (KA) 

 Resolution (Rs) 

 Capacity factor (k’) 

 Selectivity () 

 Column efficiency (N) and 

 Peak asymmetry factor (As)  
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