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ABSTRACT 

The present work explores the applications of monolithic column in HPLC-UV and LC-MS for 

separation and quantification of pharmaceutical components from six different families of 

drugs; steroids, antihyperglycemics, fat soluble vitamins, antihistamines, decongestants and 

NSAIDs. The developed methods were characterized for system suitability (using number of 

theoretical plates, capacity factor, resolution and the selectivity factor) and system 

validation (using precision, specificity and linearity of all compounds). These methods were 

then applied to pharmaceutical and biological samples. All analytical methods were found to 

provide reproducible and satisfactory qualitative and quantitative determinations. The 

whole study is distributed into the following parts; 

Part 1:  A fast and reliable HPLC method was developed for quantification of betamethasone 

and prednisolone in urine samples after clean-up with solid-phase extraction. The limits of 

detection (LOD) for the prednisolone and betamethasone are 0.11 ng and 0.075 ng/10 μL 

injection, respectively, allowing their determination in human urine samples.  

Part 2:  This work was carried out in continuation to first part to develop an analytical 

method for simultaneous determination of five steroids; betamethasone sodium phosphate 

(BSP), triamcinolone (TRM), prednisolone (PRD), cortisone acetate (CORT) and 

betamethasone (BMT) in plasma and urine samples after clean-up with solid-phase 

extraction. LOD for the five compounds were determined to be 8.5, 4.4, 1.4 and 3.9 ngmL-1 

for BSP, TRM, PRD, CORT and BMT respectively, allowing the easily determination in plasma 

and urine samples with % recoveries in the range of 89.69 to 105.80% and 101.27 to 

106.28% respectively. 

Part 3:  This part of study was focused on development of an analytical methodology for the 

determination of pioglitazone, an antihyperglycemic drug in serum, urine and 

pharmaceutical formulations after clean-up with solid-phase extraction. Endogenous 

components did not interfere or overlap pioglitazone peak. LOD of 72 ng/20 µL injection and 

% recovery of 104.7% in pharmaceutical formulations was achieved.  

Part 4:  This study was done to compare the use of atmospheric pressure chemical 

ionization (APCI) and electrospray ionization (ESI) as ionizing sources in MS for five different 

antihyperglycemic drugs to select better source for development of simple, rapid, sensitive 

analytical method for these drugs. After optimization, ESI/APCI was used with LC-MS for a 

multi-component plasma and urine quantification of metformin, pioglitazone, gliclazide, 
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glibenclamide and glimepiride. ESI as compared to APCI was found superior in many 

analytical parameters. LOD for all these drugs were found to be in ng/mL range. 

Part 5: An analytical method for simultaneous determination of vitamin-D3, vitamin E-

acetate and vitamin-K1 in plasma using LC-APCI-MS and monolithic column has been 

developed. Solid-phase extraction technique was employed for sample clean-up. All drugs 

were analyzed within 15 minutes. LOD for all these drugs were found to be in ng/mL range 

allowing the easy determination in plasma samples with accuracy in the range of 96.4 to 

102.4% and CV (%) of 1.24 to 3.6.  

Part 6: This part of study describes an analytical method for determination of 

pseudoephedrine, paracetamol and loratadine in plasma and pharmaceutical formulations 

using LC-ESI-MS with monolithic column. Total analysis time for all components was 12 

minutes. Mass spectral transitions were recorded in selected reaction monitoring mode. 

LOD for pseudoephedrine, paracetamol and loratadine were determined to be 3.14, 1.86 

and 1.44 ng mL-1 respectively, allowing the easy determination in plasma samples with 

recovery (%) in the range of 93.12 to 101.56% and CV (%) in the range of 1.21 to 4.86.  
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Chapter 1: INTRODUCTION 

“Analytical methods are the foundation for the success of any drug development” 

(Green, 1996) 

 

Determination of authenticity / purity of any new pharmaceutical product through a 

validated analytical method are very essential in drug development.  The characterization of 

the active ingredient and their degradation profile provide basic tools for the optimization, 

evaluation and selection of new pharmaceutical products under investigation. To assure the 

efficacy and safety of the finished pharmaceutical products, analytical methodology has 

been made mandatory by FDA.  

The tendency of any pure drug to produce impurities by auto-degradation which can 

potentially induce the toxicological side effects on consumer are related to safety and 

efficacy. Therefore, efforts are taken to manufacture a final product with negligible 

impurities and controlled degradation.  

Several countries in the world have designed their own testing and analyzing protocols for 

pharmaceutical products such as United States Pharmacopoeia (USP), British 

Pharmacopoeia (BP), Japanese Pharmacopoeia (JP) and etc. All of these pharmacopeias 

provide analytical methods for the qualitative and quantitative assessment of active 

components of drugs, their process and degradation impurities so as to confirm drugs 

safety, stability, and therapeutic activity.  

High performance Liquid Chromatography (HPLC), due to its versatile applicability, 

selectivity, accuracy and separation efficiency has remained as a popular technique for the 

characterization of drugs in these pharmacopeias (Snyder, et al., 1997) There are more than 

about 20,000 drugs available in different pharmacopeias and nearly 80% of these drugs are 

analyzed using HPLC technique. The antibiotics, steroids, vitamins and NSAIDs etc are most 

commonly analyzed using reverse phase chromatography with UV detection.   

The quantification of drugs and metabolites in biomedical analysis provides vital 

information about the role in toxicokinetic and pharmacokinetic studies, and in therapeutic 

drug monitoring. Body fluids including urine, plasma and blood are considered to be very 

complex matrices and contain high ratio of endogenous compounds which limits the direct 

analysis of these samples and require sample preparation step prior to instrumental 
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analysis. The complexity of the sample preparation procedure depends on the nature of the 

matrices. The sample preparation procedure should effectively isolate the analytes from 

matrix compounds.  

The determination of analyte concentration in biological fluid samples such as urine, plasma 

and whole blood has always been a challenging task for researchers because the 

concentration levels are found to be very low (pg) so the selection of sample preparation as 

well as analytical method needs to be sensitive, precise, selective and robust. It has always 

been preferred to obtain the results quickly with a high sample throughput (Marquet, 1999)  

Several analytical techniques have been used for determination of pharmaceutical 

components in biological samples which include, HPLC, GC, GC-MS, CE and LC-MS and 

among them HPLC and LC-MS have been widely used. Although HPLC procedures for 

pharmaceutical and biomedical analysis are economically feasible but a major limitation for 

their use in matrix samples (plasma, serum and urine) is the lack of selectivity. Numerous 

endogenous compounds with same retention times and UV spectra have been observed to 

be present in biological fluids and unequivocal identification of target analyte using HPLC 

with UV or PDA detection alone cannot be guaranteed.  

On the other hand LC-MS has gained a great importance and is now a days most popular 

analytical technique for biological fluid samples primary because of its inherent selectivity 

and sensitivity (Prasain, et al., 2004) It facilitates compound confirmation by parent and 

product ion mass detection. For accurate quantification of pharmaceutical components in 

biological fluids using HPLC with UV or PDA detector, it is necessary to achieve all 

compounds baseline separated which cost long analysis times. However,  the  use  of  SIM,  

SRM  and  MRM  modes  in MS  detection  has facilitated  the detection  and  accurate  

quantification  of  co-eluting  or  unresolved  peaks from biological fluids (van den 

Ouweland, et al., 2012)   
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1.1 Role of HPLC and LC-MS in Pharmaceutical and Biomedical Analysis 

Since last two decades HPLC has gained great importance in pharmaceutical and biomedical 

analysis. It has been employed in nearly all procedures of new drug discovery, development 

and manufacturing. The role of HPLC in pharmaceutical and biomedical analysis starts from 

the very first step of drug discovery which involves the discovery of a molecule having an 

acceptable therapeutic value (Bleicher, et al., 2003; Kassel, 2006)  At this stage HPLC is used 

for the screening and separation of desired molecule either from synthesized or natural 

products. Once the molecule is characterized successfully than next step involves its clinical 

trials which include its metabolism and pharmacokinetic studies. At this stage the LC-MS 

technique is used because the confirmation is achieved using parent or product ions 

response of pharmaceutical product and more authentic data with greater selectivity and 

sensitivity can be obtained using LC-MS than HPLC (Kassel, 2005) 

Following this the pharmaceutical product enters into the development stage where HPLC 

methods are optimized and validated to quantify the active pharmaceutical compounds for 

their impurities and degradation products. It is also used for finished pharmaceutical 

product’s assay, content uniformity and dissolution tests. HPLC is also utilized in production 

process of any pharmaceutical product to monitor for systems cleanliness. So from all above 

mentioned process, it can be concluded that this technique plays a vital role in 

pharmaceutical and biomedical analysis. 
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1.2 Liquid chromatography   

Modern HPLC is termed as the developed feature of Tswett basic principle of 

chromatography. HPLC basic principle involves two phases. Mobile phase, which is 

composition of different solvents, and other, is stationary phase which is solid material 

packed in column. The separation of compounds is achieved due to partitioning of solute 

between the mobile and stationary phase (Horvath, et al., 1967; Huber, et al., 1967)   

Liquid chromatography was not considered as powerful analytical tool for the separation of 

compounds due to its limitations and lack of separation power till the introduction of HPLC 

instrument in 1980s (Still, et al., 1978) 

 

 

 

Figure 1.2.1 Block Diagram of HPLC 

 

HPLC has a broad area of application in separation sciences especially in thermally labile, 

large and ionic molecules. It has been extensively used for the separation of compounds in 

pharmaceutical and biomedical analysis. The advancements to enhance the instrumentation 
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technologies, computers and automation tools to facilitate the researchers. 
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1.2.1 Detection in chromatography   

1.2.1.1 Photodiode array (PDA) detection 

Photodiode array detector is type of UV detector. It measures the amount of light absorbed 

by solute at selected wavelength. PDA detector differs from UV detector in a way that it can 

simultaneously record UV spectrum in a specified wavelength range (Shintani, 1985).  

1.2.1.2 Mass spectrometry detection               

Mass spectrometry involves the generation of gas-phase ionized species and then these 

ionized species are separated according to their mass-to-charge ratio (m/z). Mass 

spectrometric detection system coupled to liquid chromatography is considered as the most 

sensitive and selective instrument for the pharmaceutical and biomedical analysis and has 

been extensively used since last two decades (Ho, et al., 2003). 

 

1.2.1.2.1 Components of Mass spectrometry 

There are mainly three basic components of mass spectrometry. 

1. Ionization source 

2. Mass analyzer 

3. Detection 

 

 

 

Figure 1.2.2 Block diagram of a generic mass spectrometer 

 

Ionization of analyte from liquid-phase to gas-phase in mass spectrometry is considered as 

an important step because mass spectrometry involves the estimation of gas-phase ionized 

species. The analyte enters the ionization source where ionization takes place. Ionization of 

molecule generally takes place at atmospheric pressure so this component is generally 

termed as atmospheric pressure ionization. In our study Electrospray ionization (ESI) and 

atmospheric pressure chemical ionization techniques has been used. ESI and APCI are 

Ionization 
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Mass 
Analyzer 

Detector 
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termed as soft ionization techniques. Electrospray is specially best suited for the analysis of 

proteins, peptides, pharmaceutical and biomedical analysis etc. 

 

 

Figure 1.2.3 Applications of various ionization techniques  

(source: Basics of LC-MS by Agilent Technologies) 

 

Mass analyzer is the main component of mass spectrometer and it analyzes the ions 

produced in ionization source. In mass analyzer ions are separated according to their mass-

to-charge ratio. The advanced features of triple quadrupole and ion trap mass analyzers are 

to analyze the multi-stage MS for more authentic results. The instrument that we have used 

in this study was coupled with an Ion trap mass analyzer. 
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1.3 Monolithic Column 

The speed of analysis and sample throughput has always been in demand. Attempts have 

been made to produce a new generation of HPLC stationary phases known as monolithic 

column.  These columns were first introduced in late 1980’s by Nakanishi and his co-

workers who were the pioneers of the modern silica based monolithic columns. They 

designed a single large “particle” of porous material. These silica-based monolithic columns 

are generated containing a bimodal pore structure of µm and nm-sized macropores and 

mesopores respectively. 

Macropores are responsible for high flow rates by forming a continuous flow channel 

outside the monolithic skeleton with a low pressure drop. The high ratios of macrospores in 

monolithic column are also key parameters which preside over the mass transfer and 

diffusion distance. Mesopores provide the high surface area for the adsorption of solute 

molecules where the separation takes place. The higher ratio of mesopores results in mass 

transfer confrontation which leads to band broadening in chromatographic peaks (Hjertén, 

et al., 1989; Minakuchi, et al., 1996; Tennikova, et al., 1990) 

Due to these properties monolithic column has gained favor which makes it distinguished to 

traditional particle packed columns in terms of high binding capacity, high flow rates with 

low back pressure which leads to fast separations, higher mass transfer kinetics and 

increased efficiency (Rieux, et al., 2005) 

 

 

 

 

 

 

 
 

 

Figure 1.3.1 SEM image of monolithic column 

Source: Merck Monolith columns by E. Machtejevas (R&D, Merck KGaA, Darmstadt, Germany) 
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The most important characteristics that distinguish monolithic from particulate columns are 

that it can be operated at high flow rates without compromising over the system suitability 

parameters.  

Knox [9] writes: “It is generally agreed that the dispersion which is covered by the C term of 

Van Demeter type equations arises from processes occurring in the static zone”. Traditional 

particle packed columns have been observed to exhibit high ratio of H at higher flow rates 

(John H, 2002) 

µ
µ

C
B

AHETP ++=  

Where u represents the mean velocity of solvent system 

A = Eddy diffusion: Due to different paths molecules can take as they go through particles 

B/µ = longitudinal diffusion Band diffuses in and against direction of mobile phase 

movement 

C µ = Mass transfer coefficient:  Time it takes for analyte to diffuse into stationary phase 

Chromolith performance RP-18e column demonstrates low values of C term that does not 

show high variations with increasing flow rates. It represents the function of the mesopore 

size, molecular weight of analyte, temperature and retention of analyte.  

(Tanaka, et al., 2002) have shown plot of Van Deemter for Chromolith Performance RP-18e 

and conventional particle packed RP column and the C term observed using monolithic was 

found to be much smaller as compared to particulate column.  

(Kele, et al., 2002) have extensively described the performance of a monolithic column for 

reproducibility and repeatability. They analyzed HETP values for different analytes using the 

same mobile phase with varying retention factors. It has been demonstrated that 

unretained analytes exhibited small C term values than retained analytes that compliance 

with the Katz equation. 

Since the availability of monolithic column a lot of attempts have been made to check its 

performance by developing new analytical methods and methods transfers for conventional 

particulate columns. 
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Figure 1.3.2 Column back pressure at different flow rates: Comparison of a Monolithic 

column vs. equivalent classical particulate HPLC columns 

Source: Merck Monolithic columns by E. Machtejevas (R&D, Merck KGaA, Darmstadt, Germany) 

 

 

Figure 1.3.3 A van Deemter plot of the height equivalent to a theoretical plate (HETP) vs. 

flow rate for a Monolithic column and equivalent classical particulate HPLC columns 

Source: Merck Monolithic columns by E. Machtejevas (R&D, Merck KGaA, Darmstadt, Germany) 
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1.4 Pretreatment procedures for biological fluids

Biological matrices including plasma and serum contain endogenous materials with 

approximately 10,000 various proteins with a total concentration of 6

urine there are about 50 

before analysis, to remove the required analyte of interest from these complex mixtures as 

these endogenous materials can produce interferences. To achieve that various 

pretreatment procedures for these complex mixtures are employed

most widely used pretreatment procedures are Solid phase extraction and protein 

precipitation methods.  

1.4.1 Solid phase extraction 

Solid phase extraction in small tubes is most commonly employed mode of solid

extraction systems. Solid phase extraction te
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Solid phase extraction  

Solid phase extraction in small tubes is most commonly employed mode of solid

extraction systems. Solid phase extraction technique is one of the most widely used

extraction procedure for the clean-up of biological matrices like plasma, serum and urine 

samples. It involves the transfer of analyte between solid stationary phase and liquid mobile 

phase. The separation mechanism is same as that of column chromatography. Many types 

of solid sorbents including non-polar, polar and ionic are available nowadays and choice 

depends upon the nature of analyte.  

Generally solid phase extraction procedure involves four steps. (1) sorbent co

sample loading, (3) washing  and (4) analyte elution. 

 

Figure 1.4.1 SPE procedure schematic diagram 

Pretreatment procedures for biological fluids  
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1.4.2 Protein precipitation  

Protein precipitation is most economical, rapid and simplest sample treatment procedure. It 

is based on precipitation of proteins present in sample with a reagent (usually acetonitrile).  

When the reagent is introduced in matrix sample, it precipitates the proteins available 

leaving the analyte of interest in solvent, which can be analyzed. Beside its advantages 

some limitations of ion suppression have also been reported specially when it is used with 

LC-ESI-MS (Little, et al., 2006) 
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1.5 Analytical method development parameters 

Guidelines for analytical method development of drugs in pharmaceutical and biomedical 

analysis do exist and among them the most important regulatory agency is Food and Drug 

Administration (FDA), USA. Also, similar but more comprehensive services to 

pharmaceutical industries and various regulatory authorities are introduced by a 

supervisory forum ‘International Conference on Harmonisation’ (ICH). These both have 

defined the necessary tests required for optimization and validation of an analytical method 

for pharmaceutical and biomedical analysis. Since, ICH guidelines are getting increasing 

acceptance in international communities; all the methods developed have been optimized 

and validated as per guidelines provided by ICH Harmonised Tripartite Guideline, (2005). 

 

Since the objectives of whole study were to optimize and develop different analytical 

methods for drugs in pharmaceutical and biomedical analysis using monolithic column. 

Therefore, to attain the goal systematic strategy was followed which included the 

optimization parameters, validation parameters and applications in pharmaceutical and 

biomedical analysis of newly developed analytical methods.  

1.5.1 Accuracy   

The accuracy (also termed as trueness) of an analytical method can be defined as the 

proximity of agreement between the theoretical and experimentally observed values. 

Accuracy should be provided in % with statistical data of standard deviation and coefficient 

of variance. 

1.5.2 Precision  

The precision of an analytical procedure is generally measured for repeatability and 

reproducibility of known concentrations of standards at multiple levels. Precision of an 

analytical method can be explained as a series of measurements analyzed for same sample 

under specific optimized conditions by same or different operators and for multiple days. 

Data obtained for such observations is defined by providing the standard deviation and 

coefficient of variation values.  
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1.5.3 Specificity 

Specificity of an analytical procedure can be explained as the ability to evaluate explicitly of 

analyte in sample with possibility for the presence of impurities, degradations and matrix 

effects. Specificity of analytical procedure is necessary to analyze because it assures that the 

sample results are authentic and are obtained without any interference which may occur 

due to sample matrix. 

1.5.4 Detection and quantitation limit 

Detection limit can be explained as the minimum quantity of solute that can be identified 

with appropriate accuracy and precision. Detection limit is an important parameter for the 

quantitative determination of an analyte in analytical procedure and generally is 

determined at very low concentrations in sample matrices.  

Quantitation limit can be explained as the minimum quantity of solute that can be 

quantified with appropriate precision and accuracy. Both detection and quantitation limits 

can be determined using different procedures. 

a) By analyzing visually the low concentrations of analyte which can quantitatively 

determine. 

b) By analyzing from the signal to noise ratio data obtained 

c) Based on the mean standard deviation of the signal response from blank samples and the 

slope obtained using a standard calibration graph. 

Using these three procedures detection and quantitation limit can be determined.  

We have selected the procedure based on the standard deviation of the signal response and 

slope for determination of detection and quantitation limit in all developed analytical 

methods. 

The detection and quantitation limit of a solute can be measured using a formula:  

S
LD

σ3.3
. =    & 

S
LQ

σ10
. =  

Where σ = is determined from the multiple blank sample background responses and their 

standard deviation. 

S may be estimated from the calibration curve of the analyte. The estimate of σ is 

determined from the multiple blank sample background responses and their standard 

deviation. 
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1.5.5 Linearity  

Linearity of analytical procedure can be explained as the evaluation of a range for different 

concentrations of analyte in which the analyte is linear. The linearity of analyte is 

determined directly by diluting its stock standard solution. The linearity can be determined 

individually or for mix standard of analytes simultaneously.  

It is determined by plotting the analyte concentrations versus their response. The least 

square method for minimum five concentrations is generally used to construct the 

regression line and the regression coefficient of line is monitored for linearity 

determination. The data obtained from regression line are correlation coefficient, intercept 

and slope. These parameters should be provided with some statistical data for linearity.  

 

1.5.6  Ruggedness and Robustness 

The USP defines ruggedness as "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 

� Different instruments 

� Different reagent lots 

� Different analysis days 

Robustness is defined by both the USP and the ICH Tripartite guidelines as "a measure of its 

capacity to remain unaffected by small but deliberate variations in method parameters and 

provides an indication of its reliability during normal use ". Robustness is defined both in 

the USP and ICH, but is not required. 
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1.6 Selection of Pharmaceutical drugs for study 

The objective of the present work was to develop different analytical methods for various 

pharmaceuticals using HPLC and LC-MS utilizing monolithic column. Pharmaceutical drug 

groups were selected for the optimization and validation of new methods in pharmaceutical 

and biomedical analysis. Initially one method was developed for a single drug determination 

(Pioglitazone) in pharmaceutical and biomedical analysis using monolithic column but later  

special emphasis was given to develop multi-component analytical methods for which 

corticosteroids (including Betamethasone, Cortisone acetate, Prednisolone, Triamcinolone 

and Beatmethasone Sodium Phosphate) antihyperglycemics (including Metformin, 

Pioglitazone, Glibenclamide, Gliclazide and Glimeperide) fat vitamins (Viatmin-E acetate, 

Vitamin-D3 and Vitamin-K1) antihistamines alongwith decongestant and NSAIDs 

(Loratadine, Pseudoephedrine and Paracetamol) were selected.  A brief introduction for all 

these groups of drugs is described below; 
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1.6.1 Corticosteroids 

Corticosteroids are drugs which belong to steroid hormones class and mainly classified as 

(in two types of) mineralocorticoids and glucocorticoids. Mineralocorticoids are responsible 

for the electrolyte control in body and glucocorticoids are responsible for carbohydrate 

metabolism and protein regulation throughout body. (Courtheyn, et al., 2002; Gringauz, 

1997) Due to versatile applicability, glucocorticoids are used to treat many diseases and 

most importantly these are prescribed for allergic reactions (Neri, et al., 2003; Schuerholz, 

et al., 2007) Corticosteroids (both synthetic and natural) have been extensively used as 

drugs of choice due to their strong anti-inflammatory activity but among them stronger 

effects have been shown by synthetic corticosteroids (Osamu, 2001) 

Assay of steroids is important in pharmaceutical formulations and biological fluids (Hashem, 

et al., 2005), to disease diagnosis (Lin, et al., 1997), pharmacokinetics (Glowka, et al., 2006), 

study metabolism of selected steroids (Kartsova, et al., 2004; Lemus Gallego, et al., 2002) 

and as a test for doping and veterinary control (Baiocchi, et al., 2003; Touber, et al., 2007)  

Two analytical methods have been developed for the analysis of corticosteroids using SPE-

HPLC with monolithic column in biological fluid samples. The first analytical method was 

developed for the determination of betamethasone and prednisolone in urine samples and 

was found to have certain limitations due to lack of internal standard method so the second 

analytical method was developed for simultaneous determination of betamethasone 

sodium phosphate, betamethasone, prednisolone, cortisone acetate and triamcinolone 

using beclomethasone as an internal standard in urine and plasma samples with greater 

sensitivity and selectivity. 
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(a)       (b)  

  

 

 

(c)       (d) 

   

 

 

(e) 

 

 

 

Figure 1.6.1 Chemical structures of corticosteroids: (a) betamethasone (b) betamethasone 

sodium phosphate (c) cortisone acetate (d) prednisolone (e) triamcinolone
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1.6.2 Antihyperglycemic drugs 

Antihyperglycemic drugs are used to reduce the blood glucose level in non-insulin 

dependent Type II diabetes mellitus. Type II diabetes mellitus can be treated using the orally 

administered drugs. These drugs have been classified in five major classes of alpha-

glucosidase, meglitinides, thiazolidinediones, biguanides and sulfonylureas (Wu, et al., 

2006) 

From all above defined classes not even a single class has proved to control the blood 

glucose level in patients with Type II diabetes mellitus and to overcome that combination 

therapy of these drugs has been suggested. Most common combination therapy includes 

metformin with a sulfonylurea or pioglitazone, with a sulfonylurea. Five antihyperglycemic 

agents metformin, pioglitazone, gliclazide, glibenclamide and glimperide have been selected 

for this study. Glimepiride, glibenclamide and gliclazide are sulfonylurea drugs (Fuhlendorff, 

et al., 1998) Metformin belong to biguanide class and is one of the most prescribed 

medications for the hyperglycemic patients. Metformin individually and in combination 

therapy with sulfonylurea is readily available in commercial market. Pioglitazone belong to 

thiazolidinedione class and is prescribed both individually and in combination therapy with 

sulfonylurea.    

Two studies have been carried out for anti-hyperglycemic agents utilizing monolithic 

column. In one study the method was developed for pioglitazone determination in 

pharmaceutical formulations, plasma and urine samples using HPLC technique. Second was 

a comparative study of APCI and ESI for multi-component determination of metformin, 

pioglitazone, glimepiride, glibenclamide and gliclazide in plasma and urine samples using LC-

MS technique. Both methods were optimized and validated systematically for routine 

analysis of clinical samples. 
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(a) 

 

(b) 

 

(c)  

 

 

(d) 

 

(e) 

 

Figure 1.6.2 Chemical Structures of antihyperglycemic drugs: (a) Metformin, (b) 

Glibenclamide,   (c) Gliclazid, (d) Glimpeiride and (e) Pioglitazone
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1.6.3 Fat soluble vitamins 

Vitamins play an important role in human body, including protein metabolism, maintenance 

of blood glucose levels, and regulation of cell growth and differentiation. Vitamin D3, E and 

K-1 belong to fat soluble group of vitamins. Vitamin E and D3 and K-1 are specially used to 

control the body functions of cell membranes antioxidative protection, calcium absorption 

and formation of coagulation factors respectively. Deficiencies of these vitamins have very 

harmful effects on human body. Vitamin D deficiencies cause severe effects of rickets and 

osteomalacia in children and adults respectively. Vitamin-D3 (cholecalciferol,), and Vitamin-

D2 (ergocalciferol), used for supplementation are the most important (Seamans, et al., 

2009; Wang, 2009) Deficiency of vitamin-E leads to several harmful diseases of neurological 

disorders (Aslam, et al., 2004; Bye, et al., 1985; Satya-Murti, et al., 1986; Sokol, 1988) 

Vitamin-K1 deficiency causes melena neonatorum and intracranial hemorrhagic disorders. 

Administration of Vitamin-K1 results in an increase in bone-mineral density and a reduction 

in bone resorption in humans and rodents (Furie, et al., 1999; M.-c. Gao, et al., 2003; Raith, 

et al., 2000; Shearer, 1997; Suhara, et al., 2004) 

The measurements of the serum/plasma concentrations of Vitamin-D3, E acetate and K1 

are important for the several diseases diagnosis and also help in metabolic characterization 

(Hollis, et al., 2007; Tsugawa, et al., 2005) 

One study has been carried out for the simultaneous determination of Vitmin-D3, E-acetate 

and K1 in plasma samples utilizing monolithic column with LC-APCI-MS. The method has 

been optimized and validated systematically for routine analysis of clinical samples. 
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Figure 1.6.3 Chemical Structures of Fat soluble vitamins: (a) Vitamin-D3, (b) Vitamin E-

acetate and (c) Vitamin K-1 
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1.6.4 Antihistamines, decongestants and paracetamol 

Antihistamines are the class of drugs which are prescribed to deal with the skin and other 

allergic reactions occurring due to seasonal changes. Sedating effects of first generation 

antihistamines has limited its use due to that now a days second generation antihistamines are 

commonly prescribed by practitioners which contain non-sedating effect (Parfitt, et al., 1999). 

Pseudoephedrine is classified as a decongestant drug that acts upon sympathomimetic agent 

(Clark, et al., 1973) Paracetamol is an analgesic and antipyretic drug which is used to relieve 

pain and fever (Hwang, et al., 1995; Prescott, et al., 1971) The combination therapies of 

Loratadine with pseudoephedrine and pseudoephedrine with paracetamol have been 

prescribed since long time to treat the cold and allergic reactions occurring due to seasonal 

changes. The quantitative determination of these drugs in plasma samples help to diagnose 

their metabolic and pharmacokinetic activities. 

The present study has been carried out for the simultaneous determination of loratadine, 

paracetamol and pseudoephedrine in plasma samples using LC-MS/MS technique in SRM mode. 

The method has been optimized and validated systematically for the routine analysis of clinical 

samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter-one: Introduction            Antihistamines, decongestants and paracetamol 

23 

 

(a)       
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(c) 

 

 

 

Figure 1.6.4 Chemical Structures of (a) Loratadine, (b) Pseudoephedrine and (c) Paracetamol 

 



 

 

 

 

 

 

 

 

 

 

 

Chapter-02 

 

LITERATURE REVIEW 



Chapter-two: Literature Review  Monolithic column 

25 

2  

Chapter 2: Literature Review 

2.1 Monolithic column 

It was in early 1990s when Nakanishi and Tanaka developed the first silica based monolithic 

column. These are known as the pioneers of fourth generation HPLC monolithic column. 

(Doppenschmltt, et al., 1996; Minakuchi, et al., 1996, 1997, 1998; Nakanishi, et al., 1991, 

1992a, 1992b). 

Efficiency testing: Gritti, et al., (2009, 2011) have reported the performance of 

monolithic column, the longitudinal diffusion, eddy dispersion, film mass transfer resistance, 

and trans-skeleton mass transfer resistance of monolithic column. All these mass transfer 

parameters and their effects of different velocities have been discussed in detail by the authors. 

Similar studies on Eddy’s diffusion have been reported and  the efficiency of monolithic column 

when single, combined in serial and parallel modes was assessed (Gray, et al., 2005). The study 

reveals that parallel mode combination of monolithic column has numerous advantages in 

preparative scale and multidimensional separations where sample load capacity is high. A 

comparative study for basic compounds using monolithic and conventional columns has been 

reported by (David V, 2002). Author has studied the effect of mobile phase flow rate on the 

column efficiency with reference to Van Demeter plot for plate height. In the same study Van 

Demeter plot for monolithic column showed advantages over conventional particulate 

columns. The characterization (HETP) and adsorption dynamics modeling of monolithic column 

for myoglobin, phenol and progesterone was carried out by (Zabka, et al., 2007). The study 

suggests that monolithic column can be used at high flow rates without compromising on 

column efficiency. 

Comparison with particulate column: Comparison of efficiency of monolithic and 

particulate column using impurity profiling of Taxol analogs ((Rocheleau, et al., 2003),   

polyacetylenes and polyenes in Echinacea pallida roots and phytopharmaceuticals (Pellati, et 

al., 2007)  and theo-bromine, theophylline and caffeine  (Tzanavaras, et al., 2010) are reported.  

The study reveals that monolithic column offers several advantages over particulate column in 
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terms of efficiency and time saving. Koblová, et al., (2011) have reported a comparative study 

for the use of monolithic column with sequential injection chromatography and HPLC in 

gradient elution for the determination of indomethacin and of its two degradation products in 

pharmaceutical formulations. The SIC analysis time for all components was shorter as 

compared to HPLC method. % RSD values for SIC using monolithic column were 0.18–0.30%. 

Besides, studies on system performance of monolithic column, it has found many 

applications in analysis of various compounds.  

Analysis of ions: The monolithic silica column for the separation and determination of 

lithium, sodium and potassium counter ions using the hydrophilic interaction chromatography 

mode with light scattering detection system has been evaluated by Pack, et al., (2005). The 

reproducibility (1.6% ) and accuracy (3%) data of pharmaceutical sodium salts was determined.   

Analysis of Toxins: Aaflatoxin B1 in aqueous solutions utilizing monolithic disk and 

column is successfully determined  with fluorescence detection system (Calleri, et al., 2007). 

Regueiro, et al., (2011) have utilized monolithic column for the determination of amnesic 

shellfish poisoning toxins in scallops, mussels, Manila clams, common edible cockles and razor 

clams samples using HPLC. The analysis time was less than 4 min and % recoveries for all the 

toxins were ≥ 89% with %RSD ≤ 6%. 

Miscellaneous: Kramberger, et al., (2007) has utilized the monolithic column for 

separation and purification of tomato mosaic virus (ToMV). The authors have reported that 

monolithic column has tremendous advantages over conventional virus purification methods in 

terms of time saving and % recoveries which was found to 2 hours and 90% respectively. 

Zotou, et al., (2010) have reported an article for the HPLC determination of methyl-, ethyl-, 

propyl-, n-butyl- and iso-butyl-paraben preservatives in saliva and tooth paste samples using 

monolithic silica column. The analysis time for all paraben preservatives was 20 min with % 

recoveries of 86 to 113% in real samples. Similarly determination of nordihydrocapsaicin, 

capsaicin, dihydrocapsaicin, homocapsaicin and homodihydro-cap-saicin in hot peepers using 

monoplithic column has been reported by Barbero, et al., (2008). The method showed the 

analysis time for all the components under study was less than 8 min with % RSD of < 2%.  Since 

its development several attempts have been made not only in column preparation but also to 

assess its role in different applications. Recently Li, et al., (2011) have reported synthesis of 
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capillary and SPE monolithic  sorbents for polar compounds by incorporating the hydrophilic 

and hydrophobic monomers. The retention behavior for polycyclic aromatic compounds 

reduced to 35% whereas for phenols it increased to 35% by incorporating hydrophilic 

monomers. Such type of incorporation leads to the determination of phenol in water samples 

vividly increased recoveries in the range of 20 to 92%.  

  Coupling with MS detection: LC-ESI-MS with monolithic column for the determination of 

trace level pharmaceutical drugs in huge volumes of water samples has been reported by 

Bones, et al., (2006). Due to its ease with use of high flow rates the sample load volume has 

been increased that enables the recoveries of ≥70% for all the drugs in water samples. 
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2.1.1 Monolithic in Pharmaceutical and Biomedical Analysis 

Monolithic column have been extensively used in pharmaceutical and biomedical analysis. 

Several articles have been published for the determination of pharmaceutical drugs using 

different techniques including SIC, HPLC and LC-MS that are discussed below. 

Šatínský, et al., (2006; 2003) have reported two studies which utilized monolithic column for 

the separation and quantification of pharmaceutical drugs using sequential injection technique. 

In first they separated methylparaben, propylparaben, sodium diclofenac along with 

butylparaben as an internal standard. The total analysis time using monolithic column was less 

than 8 min. In their second study they have analyzed ambroxol, methylparaben and benzoic 

acid and the total analysis time was < 11 min. Both methods were applied to pharmaceutical 

drugs with satisfactory results. In the same year van Nederkassel, et al., (2003) reported the 

successful transfer of three analytical methods of alkylbenzene mixture, nimesulide, 

tetracycline, phenoxymethylpenicillin and erythromycin and the green tea extract to monolithic 

column with total run time of 3 minutes only. Comparative studies for assay and purity analysis 

of pharmaceutical drugs using particle packed and monolithic column have also been carried 

out by (Gerber, et al., 2004; Wu, et al., 2004). The retention time using monolithic column has 

been decreased to nearly 6 folds, due to which the sample throughput increased dramatically. 

Another comparative SPE-HPLC method for the simultaneous determination of cephalexine, 

cephadroxil, cefaclor and cefotaxim in pharmaceuticals, serum and urine samples using 

monolithic and conventional column has been reported by Samanidou, et al., (2004). Total 

analysis time is <4 min and % recoveries using monolithic column for spiked serum and urine 

samples have been 88.7 to 107.8% and 98.0 to 105.6% respectively. Pistos, et al., (2004) have 

reported an article for the determination of acetaminophen, caffeine and butalbital in serum 

samples utilizing monolithic column. Total analysis time was less than 11 min and % recoveries 

have been reported to be > 89% for all drugs. Determination of famotodine (Zarghi, et al., 2006) 

and satalol in plasma samples (Zarghi, et al., 2006; Zarghi, et al., 2005)  with precision and % 

recovery of < 8% and > 96%, respectively are reported . Naxing Xu, et al., (2006) have used 

monolithic column for phase separation in online extraction procedure using LC-MS/MS for the 

determination of Amprenavir and Atazanavir in plasma samples. They have utilized monolithic 
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capability of high flow rates which decreased the analysis time and increased the throughput of 

complex matrix samples. Analysis of acyclovir and nimesulide  alongwith their major impurities 

in very short run time are described  (Tzanavaras, et al., 2007a, 2007b).  

Machtejevas, et al., (2007) have used monolithic and particulate columns for sample cleanup 

and peptide determination using the online extraction system with LC-MS/MS. The advantage 

of monolithic over other commercially available particle columns is long term stability and ease 

of using high flow rates which dramatically increases the sample throughput of complex matrix 

samples (plasma and urine). 

Deeb, et al., (2007) have evaluated monolithic column for the method transfer of several 

pharmaceutical drugs. All the methods except one were transferred successfully under same 

conditions with satisfactory results. Monolithic column was found superior to particle packed 

column in terms of precision and time saving which enhanced the sample throughput.  

Chocholouš, et al., (2007) have utilized monolithic column for the determination of 

triamcinolone acetonide and salicylic acid using SIC technique. The total analysis time was < 5 

min and % recoveries for pharmaceutical drugs were in the range of 97.50–98.94%.  

H, (2007) has reported a comparative study utilizing HPLC with silica monolithic and particle 

packed columns for the separation and quantification of polar compounds. The study shows 

that monolithic has same capability in term of selectivity and efficiency and has an added 

advantage over particle packed columns of shorter analysis time.  

Liu, et al., (2008) have reported an article utilizing HPLC with monolithic column for the 

determination of rifampacin, rifampicin quinone, rifamycin, rifampicin N-oxide and 3-

formylrifamycin in pharmaceutical formulations. The precision of the method was < 2.5% with 

% recoveries of > 99.5% for all components. The analysis time using monolithic column has 

shown to be 6 folds lower than the particle packed column. 

Tzanavaras, et al., (2008) have reported another study utilizing HPLC with monolithic column 

for the dissolution test of selegiline·HCl tablets. The article shows the clean base line separation 

of drugs from sample matrix in < 1 min which enhanced the sample throughput many folds as 

compared to conventional particle packed column. 

Hefnawy, et al., (2009) have reported the simultaneous determination of ezetimibe and 

simvastatin in combination drug therapy from pharmaceutical formulations using HPLC with 
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monolithic column. The method reported has been shown to be robust in selectivity and 

efficiency and analysis time was < 2 min which lead the sample throughput increased. 

Zheng, et al., (2009) have reported a comparative study for the analysis of betamethasone-17-

valerate and its impurities, betamethasone-E-enolaldehyde and betamethasone-Z-

enolaldehyde using HPLC with monolithic column. The study suggests that using monolithic 

column have an added advantage of using highly viscous solvents as isopropanol and can be 

analyzed in routine analysis. 

Bellomarino, et al., (2009) have utilized monolithic column with FIA and HPLC techniques 

tris(2,2´-bipyridyl)ruthenium(II) chemiluminescence detection for the estimation of quetiapine 

along with its metabolites in urine and serum samples. The study suggests that monolithic 

column can be used for determinations of drugs in body fluids whereas FIA can be used for the 

determination of drugs in pharmaceutical formulations. With the use of monolithic column the 

sample throughput has increased many folds. 

Lubda, et al., (2003) have reported the use of monolithic column for the enantiomer separation 

and quantification of chiral compounds in pharmaceutical formulations. To achieve that the β-

CD-type CSPs based on monolithic silica rods were synthesized and were compared with those 

commercially available β-CD-type CSPs based on particle packed columns. β-CD-type CSPs 

based on monolithic silica rods were found superior to commercially available β-CD-type CSPs 

based on particle packed columns in terms of speed, selectivity and efficiency. 

Huang, et al., (2006) have utilized monolithic column with direct-injection LC-MS/MS analysis of 

plasma samples for drugs. Comparative data for particle packed column has also been 

discussed which reveals monolithic column as a good alternate to reduce analysis time and 

increased sample throughput without compromising on selectivity, accuracy and precision.  
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2.2 Corticosteroids in pharmaceutical and biomedical analysis 

Considerable literature for corticosteroids has been published in various samples of food, hair, 

meat, hydromatrix and pig muscle etc but only those articles have been added which are based 

on their determination in biological fluids using HPLC, LC-MS/MS techniques.  

Tang, et al., (2001) have reported an article for the LC-APCI-MS determination of 23 

corticosteroids in equine urine samples by hydrolyzing their conjugates with β-glucuronidase. 

The total analysis time was < 10 min and precision and accuracy of the method are in 

acceptable range. 

HPLC with fluorimetric determination of cortisol, cortisone, prednisolone, prednisone, 6β -

hydroxycortisol and 6β-hydroxyprednisolone in plasma and urine samples using 9-anthroyl 

nitrile as a derivatizing agent has been reported by (Shibata, et al., 1998).  Recoveries for all the 

components were near to 100% but total analysis time was 100 min which limited the 

application of this method.  Earlier Doppenschmltt, et al., (1996) have reported the 

determination of triamcinolone acetonide and hydrocortisone in plasma samples using HPLC 

technique. The study utilizes liquid-liquid extraction procedure for plasma samples which 

provided the <98% recoveries of drugs but due to high analysis time the sample throughput 

was limited.  Later Tamvakopoulos, et al., (2002) have analysed betamethasone in rat plasma 

simples using LC-MS/MS technique. Plasma samples were cleaned with SPE technique. The 

method was found to be accurate and reported %recovery for betamethasone was >95%. 

Tobita, et al., (2002) have reported the prednisolone analysis in cochlear tissue using HPLC. The 

study reveals some basic knowledge about the prednisolone transportation in different parts of 

body. The analysis time was 15 min. AbuRuz, et al., (2003) have published an article for the 

prednisolone and cortisol determination in plasma samples using SPE-HPLC technique. Total 

analysis time was < 10 min with % recoveries of 82% for the two drugs. Frerichs, et al., (2004) 

have determined prednisone, prednisolone, cortisol and dexamethasone in serum samples 

using LC-MS/S technique. The data obtained using the method was also compared with already 

well established clinical methods which proved it better in terms of accuracy and precision. 

Determination of cortisol and prednisolone in plasma samples using HPLC and chemometric 

analysis was done by Zhang, et al., (2006). Though the components have the same retention 
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but using second order chemometric analysis the acceptable recoveries of > 92% for have been 

achieved. McWhinney, et al., (2010) have reported an article for the simultaneous 

determination of cortisol, cortisone, prednisolone, dexamethasone and 11-deoxycortisol using 

SPE with UHPLC-MS/MS technique in plasma, urine, plasma ultrafiltrate and saliva samples. 

Accuracy and precission obtained was in acceptable range and total analysis time was 3 min 

which increased the sample throughput in routine analysis.  Iglesias, et al., (2002) have 

reported an interesting article for the determination of triamcinolone, prednisolone, 

prednisone, cortisone, betamethasone, dexamethasone, corticosterone, flumethasone and 

triamcinolone acetonide using luminol chemiluminescence reaction with HPLC. The method 

accuracy and precision was found to be < 8% for reprocubility and repeatability.  The study for 

bovine urinary determination of triamcinolone, prednisolone, prednisone, dexamethasone, be-

tamethasone, flumethasone, triamcinolone acetonide using SPE with LC-APCI-MS was 

carriedout by Sangiorgi, et al., (2003). The study involves two modes for screening (neutral loss 

mode) and confirmation (MRM) of drugs. The acceptable recovery and precision for all drugs 

except triamcinolone been achieved. An article was published by Hashem, et al., (2005)  in 

which the determination of triamcinolone, pednisolone and dexamethasone in pharmaceutical 

formulations was reported. Total analysis time was less than 7 min with accuracy of > 95% for 

all components.  

The plasma determination of betamethasone along with its phosphate and acetate esters using 

HPLC and LC-ESI-MS/MS techniques has been carried out (Salem, et al., 2011; Samtani, et al., 

2004). The %recoveries for all drugs in two methods were found to be > 71%. Enzymatically 

hydrolyzed procedures have also been reported for the determination of corticosteroids in hair, 

urine and meat samples using LC-MS/MS technqiue (Antignac, et al., 2001; Cho, et al., 2009). 

Detection limits of ppb and ppt level in hair and meat samples were achieved with %recoveries 

of > 85% for all components.  

HPLC and LC-MS/MS methods for the determination of steroids in urine, hydromatrix and pig 

muscle samples using different cleanup procedures have been reported (Baranowska, et al., 

2006; Gao, et al., 2009; Kureckova, et al., 2002). Kartsova, et al., (2004) have determined 

cortisol, cortisone, corticosterone, 11-deoxycorticosterone, and 11-deoxycortisol in serum and 

urine samples of adrenal cortex disease patients using HPLC with β-cyclodextrin as a 
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component of solvent system. For serum samples SPE has been employed and for urine 

samples liquid-liquid extraction technique has been employed. Hu, et al., (2005) have 

determined 6β-hydroxycortisol and cortisol using HPLC wit UV detection in plasma and urine 

samples for 6β-hydroxylation clearance (CYP3A) activity. The precision of method was found to 

be < 6% with % recoveries in plasma and urine samples were in the range of 64.1 ± 4.3 and 

88.7% and 88.1% respectively. Gonzalo-Lumbreras, et al., (2003) have reported an article for 

the determination of corticosteroids and anabolic steroids using micellar liquid 

chromatography. Different mobile phase compositions and their effects have been discussed in 

article and the total analysis time was 23 min. 
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2.3 Antihyperglycemic agents in pharmaceutical and biomedical analysis 

Antihyperglycemic drugs have been classified in five major classes of <alpha>-glucosidase, 

meglitinides, thiazolidinediones, biguanides and sulfonylureas. These drugs are mostly used in 

combination therapy and the most common are either metformin or pioglitazone with a 

sulfonylurea. The determination of these drugs either individually or simultaneously in various 

biological samples have been considered to be clinical important (Wu, et al., 2006).  

Analytical techniques including HPLC, MECK and LC-MS/MS have been extensively used for the 

individual and simultaneous determination of Pioglitazone alongwith its active metabolites in 

plasma, serum and pharmaceutical formulations.. The attempts have been made to achieve 

appreciable recovery with increased sample throughput (Lin, et al., 2003; Radhakrishna, et al., 

2002; Sripalakit, et al., 2006; Xue, et al., 2003). Recently Tahmasebi, et al., (2009) have reported 

the determination of pioglitazone at trace levels in body fluids using hollow fiber liquid phase 

micro-extraction with HPLC technique. Special care has been given to cost effective sample 

preparation in this study and data obtained using the proposed method has also been 

compared with traditional liquid-liquid and SPE techniques. Recovery of pioglitazone using 

method was determined to be 90% with %RSD of < 15%. Earlier Sane, et al., (2004) determined 

simultaneously pioglitazone and glimepiride in pharmaceutical formulations using HPLC 

technique. Total analysis time was < 8 min and % recovery for two drugs was > 100% with 

precision of < 2%.   

As for as metformin is concerned several attempts have been made for its determination in 

human, rat, cynomolgus monkey and mini pig plasma samples using simple protein 

precipitation with HPLC and NP-LC-MS/MS techniques. Recovery and precision data obtained 

for all plasma samples were found to be > 86.6% and < 12% (Heinig, et al., 2004; Porta, et al., 

2008). LC-MS/MS in MRM mode have been used for the determination of metformin with 

glyburide and glipizide in plasma samples. Plasma samples were analyzed using simple protein 

precipitation and were validated for sensitivity, selectivity, linearity, accuracy and precision. 

Plasma sample throughput was increased to many folds with appreciable recovery and 

precision (Ding, et al., 2007; Mistri, et al., 2007). HPLC methods for the quantification of 

metformin, glibenclamide or glimepiride and metformin, glipizide, gliclazide in plasma samples 



Chapter-two: Literature Review  Antihyperglycemic agents 

35 

have also been published AbuRuz, et al., (2005). The recoveries for both methods were 

determined to be in the range of 76.3% and 101.9% with precision of < 9%. Few years later an 

analytical method for the determination of metformin and rosiglitazone in plasma samples 

using simple protein precipitation with HPLC technique was reported by Yardımcı, et al., (2007). 

Recoveries in plasma samples for rosiglitazone and metformin were found to be in the range of 

100.02–105.0% and 105.64–103.88% respectively.  

Glimepiride is one of the most widely used sulfonylurea nowadays. In this context two 

analytical methods were found to be very much attractive. First was its determination 

alongwith impurities using NP-HPLC (Khan, et al., 2005) and the other was reported by 

(Kovaříková, et al., 2004) for the determination of glimepiride with five degradation products 

under hydrolytic stress conditions in acid, neutral, alkaline and oxidative media. The recovery 

and precision data for both methods were determined to be > 98% and <5% respectively. 

(Naraharisetti, et al., 2007) have developed a method for the determination of glyburide and its 

active metabolite 4-transhydroxy glyburide using LC-ESI-MS technique in plasma and urine 

samples. Total analysis time for two drugs was 10 min and recoveries in plasma and urine 

samples for both drugs were found to be > 100% with coefficient of variance of < 13%. MECK 

with non-ionic surfactant have also been utilized for the simultaneous determination of 

tolbutamide, gliclazide, glimepiride, glibenclamide, repaglinide, and glipizide drugs in serum 

samples. Total analysis time was under 6 min and recoveries for all the drugs were > 92% in 

serum samples (Maier, et al., 2009). 

Despite of targeted analysis, the other trends in recent years have been observed for the 

development of multi-component analytical methods which included analysis of several 

antihyperglycemic drugs in biological fluids. These reported methods have been found to be 

very much useful in clinical applications, for several drugs from various patients (Ho, et al., 

2004; Hoizey, et al., 2005; Maurer, et al., 2002; Venkatesh, et al., 2006; Wang, et al., 2007; Yao, 

et al., 2007).  
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2.4 Fat soluble vitamins in pharmaceutical and biomedical analysis 

Many research articles for the determination of fat soluble vitamins have been published till 

now for various types of samples but here we have focused only those articles which are for 

pharmaceutical and biomedical analysis using HPLC and LC-MS/MS techniques. 

Earlier (Moreno, et al., 2000) reported two HPLC methods for simultaneous determination of 

water and fat soluble vitamins (retinol palmitate, cholecalciferol, α-tocopherol acetate) in 

pharmaceutical formulations. SPE technique was used for the pharmaceutical sample 

preparation for both water and fat soluble vitamins. Accuracies and precision of fat soluble 

vitamins were found to be in the range of 96 to 100% and 1.64-6.02% respectively. Another 

article for the simultaneous determination of vitamins A, D3 and D2, α-tocopherol, δ- 

tocopherol and vitamin D metabolites (25-OH D3, 25-OH D2) in serum samples using HPLC has 

been reported. Serum samples once cleaned up were transferred to online SPE-HPLC technique 

and total analysis time was 20 min. The recoveries with precision for all vitamins were found to 

be in the range of 95 –10 0.2% and 0.83-4.62% respectively (Mata-Granados, et al., 2009).  

The determination of Vitamin D2 and D3 alongwith their active metabolites in biological fluids 

have gained a considerable attention in the last decade. In this context recently an interesting 

article for the comparative study of LC-ESI-MS/MS and LC-APCI-MS/MS sources for 25-OH D2 

and 25-OH D3 in serum samples have been published. The important findings of the study were 

that both ESI and APCI ionization techniques provided good accuracy and precision with 

recoveries ranging from 86% to 112% (Bogusz, et al., 2011). LC-APPI-MS/MS has been utilized 

by Herrmann, et al., (2010) for the determination of 25-Hydroxy vitamin D2 and D3 in serum 

samples. The two vitamins were extracted from serum samples using protein precipitation and 

recoveries with precision were found to 95 ± ≤7% and 124% ± ≤4%respectively. Total analysis 

time for Vitamin-D2 and D3 was < 7 min. In the same year another method was published for 

the simultaneous determination of 25-OH D3 , 25-OH D2 , 24,25-( OH)2 D3 , 1,25-(OH)2 D3 , and 

1,25-(OH )2 D2 metabolites in plasma samples using UHPLC-MS/MS in MRM mode. The vitamin 

D metabolites were extracted from plasma samples using SPE with recoveries and precision in 

the range of 55% t o 8 5% and < 7% respectively. Total analysis time was 5 min (Ding, et al., 

2010). Another article which gained special attention was the use of LC-ESI-MS/MS in SRM 
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mode for the quantification of 2β-(3-hydroxypropoxy)-1α,25-dihydroxy vitamin D3 in serum 

samples. Serum samples in this study were cleanup using SPE technique and total analysis time 

was < 8 min. Recoveries and precision for two drugs were determined to be in the rage of 90.8–

107.0% and 1.0-9.7% respectively (Murao, et al., 2005). 

Two studies have been reported for the determination of all-trans-Retinol and α-Tocopherol 

using RP-HPLC. Initially (Siluk, et al., 2007) reported plasma determination with fluorescence 

detection of All-trans-retinol and α, β and γ-Tocopherol and later (Khan, et al., 2010) reported 

comparative study of different types of particle packed columns for the determination of all-

trans-Retinol and α-Tocopherol. The important findings from the later study were that 3μm 

columns were superior to 5 μm columns in terms of short analysis time, accuracy and precision. 

Recoveries and precision for both studies were found to be > 98% and < 2% respectively. LC-

APCI-MS in SIM mode has also been utilized for plasma determination of Alpha-Tocopheryl 

Nicotinate with recovery and precision of 90% and <10% respectively. The analysis time was 12 

min. The method has also been applied for the pharmacokinetic study in healthy volunteers 

(Liang, et al., 2008). Monolithic column with HPLC has also been utilized for the quantification 

of retinol and α-tocopherol in serum samples. Serum samples were prepared using LLE and 

total analysis time using monolithic column was 2.0 min. Recoveries with precision of retinol 

and α-tocopherol were determined to be 100 ± 5.98% and 105 ± 2.06% respectively (Urbánek, 

et al., 2006). 

Few studies have been carried out for the determination of Vitamin K and its derivatives in 

plasma samples. The determination of Vitamin K1, K2, MK-4 and MK-7 in plasma samples using 

HPLC with fluorescence detection has been reported. The vitamin K derivatives were extracted 

from plasma samples using LLE with recoveries and precision of 92% and < 20%. The data 

obtained using the method was also compared with already reported LC-APCI-MS method and 

it showed good correlation. Total analysis time was 50 min (Kamao, et al., 2005). LC-APCI-MS 

with LLE technique has been employed in two studies for the determination of vitamin K1 in 

plasma samples. The recovery and precision for the both studies were found to >98% and <9% 

(Ducros, et al., 2010; Song, et al., 2008).  
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2.5 Antihistamines, decongestants and paracetamol in pharmaceutical and biomedical 

analysis 

The combination therapies of antihistamines (loratadine) with decongestant (pseudoephedrine) 

and decongestant (pseudoephedrine) with paracetamol have been prescribed since long time 

to treat the cold and allergic reactions due to seasonal changes. The quantitative determination 

of these drugs in plasma samples is of importance for pharmacokinetic activity and other assays 

of biological interest. HPLC and LC-MS/MS are most widely used analytical techniques for the 

determination of pseudoephedrine, paracetamol and loratadine in pharmaceutical and 

biological matrices. LC-MS/MS is particular the most popular analytical technique primarily 

because of its inherent selectivity and sensitivity.  

Simultaneous determination of 18 acidic and basic antihistamine drugs using LC-ESI-MS/MS in 

MRM mode has been published by (Gergov, et al., 2001). LLE procedure in two steps for basic 

and acidic drugs was carried out. The recoveries data obtained for both acidic and basic dugs 

under study were found to in the range of 23-66% and 43-113% respectively with precision of < 

10%. El Ragehy, et al., (2002) have reported the article that covers HPLC, densitometric, 

spectrophotometric and second order derivative spectrophotometric methods for the 

determination of loratadine in presences of its degradation products. All these methods 

provided satisfactory results. Recoveries and precision of loratadine from tablet and syrup 

samples using all the methods were found to be > 99% and <1.5%. 

Considerable literature for plasma determination of loratadine and its active metabolite 

desloratadine has been published using HPLC and LC-MS/MS. Earlier Naidong, et al., (2003) 

reported the simultaneous determination of loratadine and its active metabolite 

descarboethoxy-loratadine in plasma samples using LC-MS/MS technique. M. C. Gao, et al., 

(2003) and Vlase, et al., (2007) have reported plasma determination of loratadine and its active 

metabolite descarboethoxy-loratadine using HPLC and LC-MS/MS technique. LLE was employed 

for sample cleanup in all procedures. Accuracies and precision data determined were > 90.0% 

and <20% respectively. LC-ESI-IT-MS/MS in SRM mode was used by (Salem, et al., 2004) for 

plasma quantification of loratadine. Plasma samples were prepared using LLE procedure and 

analysis time was < 6 min. Accuracy and precision data obtained were found to be in the range 

of 105.00 to 109.50% and < 10.86% respectively at three different concentration.  Afterwards 
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Srinubabu, et al., (2007) utilized LC-MS/MS in SRM mode coupled to online extraction system 

for the simultaneous determination of loratadine and desloratadine in plasma samples. The 

analysis time was <4 min. The stability test for loratadine and desloratadine drugs have also 

been carried out which shows the accuracies in the range of 87.4 -99.1% and 87.0- 111.8% 

respectively.  

The simultaneous determination of loratadine and pseudoephedrine in plasma samples using 

LC-ESI-MS has been reported by Sun, et al., (2005). Total analysis time was < 9 min and 

accuracies for loratadine and pseudoephedrine in plasma samples were determined to be > 

79% and >83% respectively. A study for HPLC quantification of pseudoephedrine in plasma 

samples has been carried out by Macek, et al. (2002). Plasma samples were prepared using LLE 

and total analysis time was 4 min. The accuracy and precision of pseudoephedrine in plasma 

samples was determined to be > 96% and < 6%. The method has been applied for 

pharmacokinetic study in healthy volunteers. Recently Nora, (2010) has reported four methods 

for the quantification of phenylephrine hydrochloride and chlorpheniramine maleate in 

pharmaceutical formulations using chemometric analysis of first and second order derivatives 

for spectrophotometry and HPLC technique. The accuracies and precision data were obtained 

for pharmaceutical formulations and were found to be > 99% and < 1% respectively. Plasma 

quantification of pseudoephedrine with citrizine and pseudoephedrine with triprolidine using 

LC-ESI-MS/MS technique has been published by (Ma, et al., 2007; Shakya, et al., 2009; Tan, et 

al., 2006). Plasma samples were analyzed directly after protein precipitation which eliminated 

the laborious sample preparation. The recoveries and precision data obtained for both methods 

in plasma samples were found to be > 91% and < 10% respectively. The pharmacokinetic 

studies for both methods were also carried out in healthy volunteers. Manassra, et al., (2010) 

have reported the quantification of pseudoephedrine hydrochloride, codeine phosphate and 

triprolidine hydrochloride in syrup samples using HPLC technique. The accuracies data obtained 

for pseudoephedrine hydrochloride, codeine phosphate and triprolidine hydrochloride were 

found to be > 101%, > 97% and >96% respectively. The total analysis time was 4 min. 

Several methods for the plasma determination of paracetamol with different drugs used in 

combination therapy have been reported. LC-MS/MS in SRM and MRM mode has been favored 

and accuracy and precision data obtained in plasma samples were found to > 93% and ≤ 10% 

(Chen, et al., 2005; Li, et al., 2010; Lou, et al., 2010). An interesting article for the phospholipids 
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evaluation of ion suppression and enhancement of chlorpheniramine using LC-APCI-MS/MS and 

LC-ESI-MS/MS in plasma samples has been published by Ismaiel, et al., (2008). The study 

reveals that ionization efficiency of phospholipids decreases using APCI than ESI and that may 

be the reason which causes APCI more suitable for matrix samples. Fried, et al., (2002) have 

reported plasma quantification of (−)(R)- and (+)(S)-chlorpheniramine along with its active 

metabolites including desmethyl-chlorpheniramine, didesmethyl-chorpheniramine and 

chlorpheniramine N-oxide using LC-MS technique with β-cyclodextrin as a chiral stationary 

phase. The recoveries and precision data obtained for all drugs were found to be > 79.52% and 

<8% respectively. Pharmacokinetic study for chlorpheniramine was also carried out in healthy 

volunteers. 

 

 



  Aims and Objectives 

41 

2.6 Aims and Objectives 

 

The goal of our study was to investigate monolithic column with real separation challenges and 

real method transfers using HPLC and LC-MS techniques. Hence chromatographic behavior of 

commercially available Chromolith Performance RP-18e column investigated for the rapid 

analysis of the following pharmaceutical preparations: vitamins, steroids, antihyperglycemics, 

antihistamine, and decongestant. This included separation of compounds in pharmaceutical 

formulations and clinical samples from patients consuming these drugs. Furthermore, the 

efficiency of these columns was compared to that of a conventional particle packed C18 

column. 

 

The following methodology was used to attain these objectives: 

� Development of fast liquid chromatographic methods for the simultaneous 

determination of corticosteroids in urine and serum samples using monolithic column. 

� Development of new HPLC analytical method for liquid chromatographic determination 

of pioglitazone in pharmaceuticals, human serum and urine samples.  

� Quantitation of five antihyperglycemic agents utilizing monolithic column through 

electrospray and atmospheric pressure chemical ionization sources in HPLC-MS. 

� Development of new analytical methodology for multi-component quantification of 

vitamin E-acetate, D3 and K1 in plasma samples with liquid chromatography-

atmospheric pressure chemical ionization-mass spectrometry. 

� Development of multi-component quantitation method for simultaneous determination 

of drugs prescribed in combination therapy, (loratadine, pseudoephedrine and 

paracetamol) in plasma and pharmaceutical formulations with liquid chromatography-

tandem mass spectrometry. 
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3  

Chapter 3: MATERIAL & METHODS 

3.1 Chemicals 

Prednisolone was obtained from Pfizer Laboratories (Ltd.) Pakistan, betamethasone, 

betamethasone sodium phosphate, metformin, glibenclamide and beclomethasone were 

obtained from GSK Pakistan (Ltd), pioglitazone and rosiglitazone were obtained from Hilton 

Parma (Pvt.) Ltd. Pakistan, gliclazide, loratadine and pseudoephedrine were obtained from 

Pharmatec (Pvt.) Ltd. Pakistan, vitamin-D2, vitamin-D3, vitamin-E acetate, vitamin-K1, cortisone 

and cortisone acetate were purchased from Sigma–Aldrich, St. Louis, MO, USA. HPLC grade 

methanol, acetonitrile, formic acid and ammonium acetate were purchased from Merck KGaA, 

Darmstadt, Germany Millipore quality water (conductivity below 0.1 µS generated by reverse 

osmosis) was used for this study. Mobile phase components were always degassed before use.  

3.2 Instrumentation 

A 12 port-model 57030-U VisiprepTM SPE vacuum manifold with Sparmax TC-2000vm vacuum 

pump (Supelco Bellefonte, USA) was used for SPE. Vortex mixing was carried out using vortex 

mixer VM-300, (Gemmy Indusrial Co. Taipei Taiwan) and Sigma 3-18 K centrifuge was used for 

centrifugations (Sigma, Osterode am Harz, Germany). Super Sonic X-3 sonicator was used in all 

studies. 

For Part – I, II & III HPLC technique was used whereas for Part – IV, V & VI LC-MS/MS technique 

was used. 

3.2.1 HPLC instrumentation 

Spectra SYSTEM P-2000 Pump with a UV6000LP Diode Array Detector and SCM1000 Degasser 

(Thermo Finigan) & Shimadzu Prominence HPLC pump LC-20AT with SIL-20AC auto sampler 

with CTO-20AC column oven and SPS-M20A Diode Array detector were used for study-I, II & III. 

The separations were achieved with an analytical column Chromolith® Performance RP-18e 

(100 x 4.6 mm), by Merck KGaA (Darmstadt, Germany). ChromQuest & LCSolutions softwares 

were used for data analysis.  
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3.2.2 LC-MS/MS instrumentation 

LCQ Advantage Max with ion trap mass analyzer coupled to SurveyorPlus pump, SurveyorPlus 

photodiode detector and SurveyorPlus degasser of Thermo Finigan, Thermo Electron 

Corporation, San Jose, California was used. Xcalibur 2.0 SR2 software was used for data 

analysis. The separations were achieved using Chromolith® Performance RP-18e column (100 × 

4.6 mm) by Merck KGaA , Darmstadt, Germany.  
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3.3 Sample preparation for determination of Betamethasone and Prednisolone 

in Urine Samples  

3.3.1 Chromatographic conditions 

The separation was achieved using an isocratic mobile phase of MeOH/H2O (44 : 56 v/v) at 2.0 

mL min-1 flow rate. Detection was achieved at 254 nm. ChromQuest software was used for data 

analysis.  

3.3.2 Standard solutions of the corticosteroids 

Selected corticosteroids stock solutions were prepared at the concentration of 1 mg mL-1 in 

methanol. From that on daily basis various aliquots were taken to obtain the desired 

concentrations of working standards (1 to 10 µg mL-1).  

3.3.3 Urine sample preparation 

The urine samples were collected from five volunteers. Steroids were determined by spiking 

urine samples of healthy persons to get final concentration of 5 µg mL-1 and extracted using 

solid phase extraction technique. For sample clean up, SPE cartridge was conditioned by 

passing two time 3 mL methanol and 3 mL water respectively. After the conditioning of SPE 

cartridge urine sample (10 mL) was loaded onto cartridge. Hydrophilic endogenous material 

was then washed by passing two times 3 mL of 10% aqueous methanol. Then 3 mL of methanol 

was passed through cartridge at flow rate of 3 mL min-1. Eluate was collected and filtered with 

0.45 µm filter paper and 10 µl from that was injected into HPLC for the analysis.  
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3.4 Sample preparation for determination of Pioglitazone in Pharmaceuticals, 

Serum and Urine Samples 

3.4.1 HPLC conditions 

The pioglitazone was determined using isocratic mobile phase of acetonitrile : mixed phosphate 

buffer (pH 2.5, 10 mM) (pH adjusted with phosphoric acid); (30:70, v/v) at 2 mL/min flow rate. 

Detection was achieved at 221 nm. ChromQuest software was used for data analysis. 

3.4.2 Standard solutions of the pioglitazone 

Pioglitazone stock solution was prepared at the concentration of 1 mg mL-1 in methanol. From 

that on daily basis various aliquots were taken to obtain the desired concentrations of working 

standards (1 to 10 µg mL-1). 

3.4.3 Sample preparation 

3.4.3.1 Pharmaceutical tablets 

Ten tablets of pioglitazone (15 mg) were weighed and finely ground. Weight equal to average of 

one tablet was taken in 100 mL volumetric flask and was made-up with methanol. From that 

second dilution was prepared by taking an aliquote of 1.6 mL per  50 mL so as to attain the 

concentration of 5 µg mL-1and was filtered through 0.45 µm and 20 µl was injected into HPLC 

for further analysis. 

3.4.3.2 Biological sample collection 

Blood samples were collected from five healthy volunteers and were directed not to take any 

other prescription for one week before collecting the blood sample. Blank serum samples were 

collected half an hour before taking the single dose oral administration of pioglitazone tablet. 

After two hours of single dose oral administration of pioglitazone tablet containing 15 mg 

pioglitazone, again blood samples were collected from volunteers and serum was separated.  

Urine samples from healthy volunteers were cleaned-up using solid-phase extraction procedure 

and run as blank. Same procedure was used for spiked samples of urine. Pharmaceutical tablet 

samples of pioglitazone were purchased from local market 
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3.4.3.3 Blood serum sample 

The serum was separated from whole blood and was kept at -4°C till further analysis. 

Pioglitazone was determined in serum samples of healthy volunteers using solid phase 

extraction technique. Discovery DSC-18 SPE cartridge was regenerated using 10 mL methanol 

followed by 10 mL water, then 1 mL of serum sample was passed through cartridge. Hydrophilic 

endogenous material was washed with 5 mL of 10% methanol. Drug was eluted with 2-mL of 

methanol, filtered through 0.45 µm filter paper, evaporated to bring 200  µL volume and 20 µL 

was injected into HPLC for further the analysis.  

3.4.3.4 Urine sample  

Pioglitazone was determined by spiking urine samples of healthy persons using solid phase 

extraction technique. 1-mL of urine sample and 1-mL acetonitrile was taken in the 5-mL vial and  

centrifuged for 5 min. Discovery DSC-18 SPE cartridge was regenerated using 10 mL methanol 

followed by 10 mL water, then 1 mL of already treated urine sample was passed through 

cartridge. After that 5 mL of 10% Methanol was passed from cartridge so as to remove the 

weakly bound interfering components and further treated as for blood samples. 
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3.5 Sample preparation for determination of Betamethasone Sodium 

Phosphate, Triamcinolone, Prednisolone, Cortisone Acetate and 

Betamethasone in Plasma and Urine Samples  

3.5.1 Chromatographic conditions 

The separation was achieved with a Chromolith® Performance RP-18e (100 x 4.6 mm) column, 

by Merck KGaA (Darmstadt, Germany) with gradient mobile phase composition of methanol : 

water at the flow rate of 2 mL min-1. PDA was set at wavelength λ = 254 nm and spectrum was 

registered between 200 to 400 nm. Super Sonic X-3 Sonicator was used in present study. 

LCsolution (version 1.22 SP1) software was used for the data analysis. 

3.5.2 Standard solutions of corticosteroids 

BSP, TRM, PRD, CORT, BMT and BMC stock solutions were prepared at the concentration of 1 

mg mL-1 in methanol. From that on daily basis various aliquots were taken to obtain the desired 

concentrations of working standards. BMC was used as internal standard.  

3.5.3 Sample Preparation 

3.5.3.1 Biological sample collection 

Plasma and urine samples were collected from five healthy volunteers and were directed not to 

take any other prescription for one week before collecting the blood sample. Plasma was 

separated from whole blood and was kept at -4 0C till further analysis. Plasma and urine 

samples from healthy volunteers were cleaned-up using solid-phase extraction procedure and 

run as blank. Same procedure was used for spiked plasma and urine samples. Quantification of 

five corticosteroids in plasma and urine samples was carried out using internal standard (IS) 

method. 

 

3.5.3.2 Blood plasma sample preparation 

BSP, TRM, PRD, CORT, BMT were determined in both blank and spiked plasma samples of 

healthy volunteers using solid phase extraction technique. Lichrolut® RP-18e SPE cartridge 
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Merck KGaA (Darmstadt, Germany) was first regenerated by passing (10mL) methanol and 

water. 425 µL plasma + 50 µL std solution + 25 µL I.S were vortex mixed and passed through 

cartridge. Hydrophilic endogenous material was washed with 5 mL of 10% methanol. Drugs 

were eluted with 1-mL methanol, filtered through 0.45 µm filter paper and injected 20 µL into 

HPLC for further the analysis.  

3.5.3.3 Urine sample preparation  

The same procedure as already described for plasma sample preparation was applied for urine 

samples. An aliquot of 850 µL of urine + 100 µL std solution + 50 µL I.S were vortex mixed and 

passed through cartridge. Hydrophilic endogenous material was washed with 5 mL of 10% 

methanol. Drugs were eluted with 1-mL methanol, filtered through 0.45 µm filter paper and 20 

µL was injected into HPLC for further the analysis.  
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3.6 Sample preparation for quantification of five antihyperglycemic agents  

3.6.1 HPLC conditions 

Chromolith® Performance RP-18e (100 x 4.6mm) by Merck KGaA (Darmstadt, Germany) column 

was used for the separation of Metformin (MET), rosiglitazone (IS), pioglitazone (PGZ), 

glibenclamide (GLB), gliclazide (GLZ) and glimepiride (GLP) in linear gradient mobile phase 

composition of solvent A and B. Solvent A was acetonitrile and solvent B was 0.1% formic acid. 

Starting 0.0 min, 30% A (v/v) followed by 4.0 min linear gradient from 30% to 57% of A (v/v) 

then for 5.0 min isocratic at 57% A (v/v) and finally isocratic for 4.0 min at 30% A (v/v).  The flow 

rate was 1.0 mL/min and total analysis time was 10min. The injection volume was 25 µL and the 

temperature of auto-sampler tray and column thermostat was set to 30°C. 

3.6.2 Quantification 

Quantification of antihyperglycemic drugs in plasma sample was carried out using internal 

standard method. RGZ was selected as an internal standard because it is also antihyperglycemic 

agent and most probably identical behavior will be observed in matrix effects as that with 

analytes. An IS (RGZ) was added to sample procedure. Seven point mixed standard curves of 

1.0, 0.5, 0.25, 0.125, 0.0625, 0.0312, 0.0156 μg mL-1 were constructed for both APCI and ESI 

ionization sources using Xcalibur QuanBrowser (version 2.0) software for the quantification of 

antihyperglycemic drugs in plasma and urine samples. 

 

3.6.3 Standard and sample preparation 

3.6.3.1 Standard solution 

MET, RGZ (IS), PGZ, GLB, GLZ and GLP stock solutions were prepared at the concentration of 1 

mg mL-1 in methanol. From that on daily basis various aliquots were taken to obtain the desired 

concentrations of working standards (1 to 10 µg mL-1). 

3.6.3.2 Biological sample collection 

Blood samples were collected from healthy volunteers and were directed not to take any other 

prescription for one week before collecting the blood sample. Healthy volunteers were 
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administered with a single oral dose of antihyperglycemic pharmaceutical tablet. GLZ was not 

administered to healthy volunteer due to non availability of drug in near by areas. Blank blood 

samples were collected half an hour before medication of drugs. Blood samples from healthy 

volunteers were collected after 2 hours of medication who were orally administered with 

different antihyperglycemic drugs. Plasma was separated from whole blood and was stored at -

4°C till further analysis. 

3.6.3.3 Sample concentration  

Plasma and urine samples were first deproteinized for which, 200 µL of blood plasma with 200 

µL acetonitrile were vortex mixed for 2 min and were centrifuged for 5 min. Then the 

supernatant was collected and  200 µL mixed standard solution and 100 µL IS along with 400 µL 

methanol were vortex mixed for 5 min, finally it was filtered through 0.45 µm and from that 25 

µL was injected into LC-MS for further analysis. 

The same cleanup procedure was followed for blank and single oral dose administered (ODA) 

plasma sample except that were not spiked with mixed standard solution. 
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3.7 Sample preparation for quantification of Vitamin E-Acetate, D3 and K1 in 

Plasma Samples  

 

3.7.1 Procedure for separation and identification 

Chromolith® Performance RP-18e (100 x 4.6mm) by Merck KGaA (Darmstadt, Germany) column 

was used for the separation of V-D3, V-EA and V-K1 in linear gradient mobile phase composition 

of solvent A (methanol) and B (0.1% formic acid). Gradient elution started at 95% A (v/v) and 

was linearly increased from 95 to 99% A (v/v) over 10 min followed by 2 min isocratic at 99% A 

(v/v). Afterwards mobile phase A was brought back to 95% A (v/v) for 3 min so as to regenerate 

the column conditions. The run time was 15 min at 1.0 mL min-1 flow rate. The injection volume 

was 25 µL and the temperature of auto-sampler tray and column thermostat was set to 25 °C. 

Mass spectrometric conditions were as follows; APCI in positive mode. Source heater at 350 °C 

with corona discharge current of 5.0 µA,  sheath Gas flow 20 Arbitrary Units, Aux Gas flow 50 

Arbitrary Units, Capillary temperature 150 °C, Capillary voltage 45 V and Tube Lens offset 55 V. 

The full scan mass range was m/z 100–500 and corresponding mass spectra analysis of FSVs 

was recorded at V-D3 m/z 385.23, V-EA m/z 473.47 and V-K1 m/z 451.41. V-D2 was used as an 

I.S and its mass spectral analysis was recorded at m/z 397.28.  

3.7.2 Quantification 

Quantification of vitamins in plasma sample was carried out using internal standard method. An 

I.S (60 ng mL-1 V-D2) was added to sample preparation procedure. Seven point mixed standard 

curves of 0.078, 0.156, 0.312, 0.625, 1.25, 2.5 and 5.0 μg mL-1 were constructed using Xcalibur 

QuanBrowser (version 2.0) software for the quantification of vitamins in plasma samples. 

3.7.3 Standard and sample preparation 

3.7.3.1 Standard preparation 

V-D2, V-D3, V-EA and V-K1 stock solutions were prepared at the concentration of 1.0 mg mL-1 in 

methanol. From that on daily basis various aliquots were taken to obtain the desired 

concentrations of working standards. 
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3.7.3.2 Biological sample collection 

Blood samples were collected from five healthy volunteers and were administered with a single 

oral dose of pharmaceutical multi-vitamin tablet containing 10µg V-D3 and 13.5 mg of V-EA. 

Blank blood samples were collected half an hour before medication of vitamins. Plasma was 

separated from whole blood and was stored at -4 °C till further analysis. 

3.7.3.3 Sample preparation 

Plasma samples (200 µL) were deproteinized with 200 µl of acetonitrile. The mixture was vortex 

mixed for 1 min and centrifuged at 1900g for 5 min and supernant was collected. To this, 60 µL 

of mixed standards (10 µg mL-1 each), 60 µL I.S (10 µg mL-1) and 680 µL methanol were added 

and vortex mixed.  For sample clean up, SPE cartridge was conditioned by passing two time 3 

mL methanol, 3 mL ethanol and 3 mL water respectively. Then sample was passed through 

cartridge using at 0.2 mL/min.  Hydrophilic endogenous material was then washed by passing 

two times 3 mL of 10% aqueous methanol. FSVs were eluted with 1mL methanol, filtered 

through 0.45 µm filter paper and 25 µL was injected into LC-MS for further the analysis. The 

same procedure was followed for blank and O.D.A plasma samples except that were not spiked 

with mixed standard solution. 
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3.8 Sample preparation for quantification of Loratadine, Pseudoephedrine and 

Paracetamol in Plasma and Pharmaceutical Formulations  

 

3.8.1 Procedure for separation and identification 

PSE, PAR and LOR were separated on Chromolith® Performance RP-18e column using step 

gradient elution with solvent A (methanol) and B (0.1% formic acid). Elution started at 40% A 

(v/v) and was isocratic for 5 min and then step gradient from 40 to 80% A (v/v) next for 5 min. 

Afterwards mobile phase A was brought back to 40% A (v/v) for 2 min so as to regenerate the 

column conditions. The run time was 12 min at 1.0 mL min-1 flow rate. The injection volume 

was 25 µL and the temperature of auto-sampler tray and column thermostat was set to 25°C. 

Mass spectrometric conditions were optimized individually for all components and were 

analyzed in different segments so as to enhance the sensitivity and selectivity. The 100% of flow 

rate was transferred to mass spectrometer and mass spectral transitions were as follows: ESI in 

positive mode with spray voltage of 4.5 kV, capillary temperature 225°C, sheath and aux/sweep 

gas flow of 75 and 25 arbitrary units respectively. 

3.8.2 Quantification 

Quantification of PSE, PAR and LOR in plasma sample was carried out using internal standard 

method and in pharmaceutical formulations using external standard calibration. An IS (100 ng 

mL-1 CPM) was added to sample preparation procedure. Seven point mixed standard curves of 

0.078, 0.156, 0.312, 0.625, 1.25, 2.5 and 5.0 μg mL-1 were constructed using Xcalibur 

QuanBrowser (version 2.0) software for the quantification of selected drugs in plasma samples.  

3.8.3 Standard preparation 

PSE, PAR, LOR and CPM (IS) stock solutions were prepared at the concentration of 1.0 mg mL-1 

in methanol. From that on daily basis various aliquots were taken to obtain the desired 

concentrations of working standards. 
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3.8.4 Sample cleanup 

3.8.4.1 Pharmaceutical formulations 

For pharmaceutical samples two brands of pharmaceutical tablets were purchased from local 

pharmacy of Karachi, Pakistan. One tablet contained PSE 60 mg and LOR 5 mg in combination 

therapy and other contained only PAR 400 mg. 10 tablets from each were finely ground 

individually and from those three different portions of PSE, LOR and PAR were taken for the 

assay analysis. The portions of tablets were taken in volumetric flask and were made up to the 

mark with methanol and sonicated for 10 min and filtered through 0.45 µm filter paper and 25 

µL was injected into LC-ES-MS/MS for further the analysis. 

3.8.4.2 Plasma samples 

Plasma samples were analyzed directly after deproteinzation. Plasma samples (300 µL) and 100 

µL of mixed standards (containing PSE and PAR 5 µg mL-1 and LOR 1 µg mL-1) and 100 µL IS (5 µg 

mL-1) were added. Then for 1 min, it was vortex mixed and added acetonitrile (500 µl). Again it 

was vortexed and in last was centrifuged for 5 min at 1900g and supernant was collected and 

filtered through 0.45 µm filter paper and 25 µL was injected into LC-ES-MS/MS for further the 

analysis.  
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4  

Chapter 4: RESULTS AND DISCUSSION 

4.1 HPLC Determination of Betamethasone and Prednisolone in Urine Samples 

Using Monolithic Column 

4.1.1 Method optimization and validation   

HPLC chromatogram of urine samples from healthy volunteers shows the retention of some 

endogenous compounds which may be urinary free steroid as inferred by adding cortisone to 

the sample and comparing the UV spectra (Figure 4.1.1).  Due to the retention of endogenous 

compounds on column, mobile phase was modified to achieve the separation of 

betamethasone and prednisolone with methanol–water with (44:56; vol:vol) as shown in   

Figure 4.1.2.  Since this activity was intended to develop a method for use in routine analysis, 

the system was validated systematically. The parameters used for the method validation were, 

system performance, linearity and calibration, reproducibility and intra-day and inter-day 

precision analysis of corticosteroids in tablets and urine samples and the robustness of method 

was validated. The system performance was calculated by the reproducibility tests of the 

retention time, number of theoretical plates, capacity factor, resolution and the relative 

retention of corticosteroids (Table 4.1.1).  

 

Table 4.1.1 System Performance for used corticosteroids (n = 5) 

 

Compound tR ± SD (min) N K RS αααα 

Prednisolone 3.47 ± 0.03 1229 3.448 2.594 1.302 

Betamethasone 5.77 ± 0.04 2317 6.397 6.852 1.623 
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Figure 4.1.1 Chromatogram of urine showing both normal and spiked urine sample.

Figure 4.1.2 Separation of  prednisolone 5 µg 

column,  methanol
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Chromatogram of urine showing both normal and spiked urine sample. 
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The linearity and calibration of corticosteroids was determined in the range of 1 to 10 µg mL-1 

with detection limit, calculated by the classical method of 3σ and it was found to be 1.1 ng and 

0.75 ng with equation of straight line 12.0175.2 += xy  and 13.0683.1 −= xy  for the 

prednisolone and betamethasone, respectively. The reproducibility test of the method was 

determined by running 5 samples of the known concentration daily and for consecutive five 

days and it was found reproducible in both intra and inter day precision analysis. The coefficient 

of variance was 1.16 and 1.09 for intra-day analysis and 1.52 and 3.10 for inter-day precision 

analysis of prednisolone and betamethasone respectively (Table 4.1.2).   

 

Table 4.1.2 Reproducibility, interday and intraday precision of prednisolone and betamethasone 

 

Interday Analysis 

Compound Nominal 

concentration  

µg mL
-1

 

Measured 

concentration 

µg mL
-1

 

C.V (%)* Accuracy (%)** 

Prednisolone 4.5 4.69 ± 0.05 1.16 104.24 
Betamethasone 4.5 4.59 ± 0.05 1.09 102.21 

Intraday Analysis 

Prednisolone 4.5 4.67 ± 0.07 1.52 103.86 
Betamethasone 4.5 4.67 ± 0.14 3.10 103.83 
* Coefficient of Variance (%) = S.D x 100/mean 
** Accuracy (%) = observed concentration x 100/used concentration 

 

  

Variations of the Methanol content in the mobile phase were found to be very sensitive for 

both retention time and resolution for three corticosteroids. This shows that methanol content 

in the mobile phase is to be controlled carefully to attain good separation. The amount of 

sample injected into the HPLC was also determined to be very sensitive because the slight 

variations in the sample amount injected have significant effect on the % recovery though no 

change in separation was observed. This shows high capacity of monolithic column and could 

be helpful in enhancing sensitivity by using higher sample volumes. Wavelength was not found 

much sensitive as all the recoveries are in the range of ± 5 %. 
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4.1.2 Urine samples 

  The spiked urine samples were analyzed by above mentioned procedure. Figure 4.1.3 

shows the clean chromatogram with baseline separation from endogenous compounds and two 

steroids are completely resolved. Percent recovery ranges from 97%-103% for the five samples 

assayed.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.3 Urine samples spiked with prednisolone and betamethasone after clean up by solid phase 

extraction 

 
 

Table 4.1.3 Robustness parameters for corticosteroids 

 
Compound Flow Rate 

(mL min-1
) 

Methanol 

Content 

Wavelength (nm) 

 

Sample Amount (μL) 

1.9 2.0 2.1 43 44 45 252 254 256 16 18 20 

Retention time (min) % Recovery 

Prednisolone 3.79 3.62 3.43 4.04 3.62 3.35 99.58 102.78 97.15 87.50 96.70 102.50 

Betamethasone 6.46 6.16 5.83 7.07 6.16 5.59 104.90 103.21 100.00 88.00 97.50 103.70 
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4.2 Liquid Chromatographic Determination of Pioglitazone in Pharmaceuticals, 

Serum and Urine Samples 

4.2.1 Method optimization and Validation 

For mobile phase optimization choice of solvent, pH of phosphate buffer and the ratio of 

organic solvent to buffer were optimized. For pioglitazone analysis, acetonitrile was found to be 

a better solvent which gave short retention time and sharp peak in comparison to methanol. 

So, further optimization studies were carried out using acetonitrile mixed phosphate buffer (pH 

= 2.5) in the ratio of (30: 70 v / v). Monolithic column were found to tolerate better the pH 

effect as compared to reverse-phase ODS columns. Pioglitzaone is administered as base 

(pioglitazone.HCl), at lower pH where it is available in protonated form, consequently as shown 

in Figure. 4.2.1. The retention time increases with increasing pH of the mobile phase. This may 

be due to increasing deprotonation and reduced solubility of drug in acetonitrile in a neutral 

form. As reported by (Al-Arfaj, et al., 2008) in the volatmmetric determination well-defined 

voltammetric curve obtained can be attributed to pH dependant forms of pioglitazone.  

Therefore, in our study, pH 2.5 was selected for further studies. 

   

 

Figure 4.2.1 Effect of mobile phase pH on retention time of pioglitazone 
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Table 4.2.1 System Performance for Pioglitazone using monolithic and particulate column under similar 

Compound 

Monolithic Column 

Particulate Column 

 

Table 4.2.1. shows the 

capacity factor, resolution and the relative retention of pioglitazone in the present system.  This 

indicates the efficiency of the monolithic column in the present method as compared wi

commercially used particle packed columns (e.g. ODS). The retention time for pioglitazone was 

remarkably short in the former case (1.2 ± 0.05 minutes) due to which the sample throughput 

can be increased many folds. The linearity and calibration of p

range of 1 to 10 µg mL-1 

0.02 respectively (Figure 4.2.2). The detection limit was calculated by the classical method of 3

was found to be 3.5 ng / µL 
 

Table 

 

Compound Detection Limit

(ng per injection)

Pioglitazone 3.5 ng / µL 

Figure 4.2.2 Relationship between the concentrations v/s response values obtained for pioglitazone

 

four: Results and Discussion  

System Performance for Pioglitazone using monolithic and particulate column under similar 

experimental conditions 

Flow rate tR ± SD (min) Pressure psi N

2 mL/min 1.2 ± 0.05 670 866

1 mL/min 10.58 ± 0.03 1260 3120

2 mL/mn 5.448 ± 0.05 2450 2036

 reproducibility of the retention time, number of theoretical plates, 

capacity factor, resolution and the relative retention of pioglitazone in the present system.  This 

indicates the efficiency of the monolithic column in the present method as compared wi

commercially used particle packed columns (e.g. ODS). The retention time for pioglitazone was 

remarkably short in the former case (1.2 ± 0.05 minutes) due to which the sample throughput 

can be increased many folds. The linearity and calibration of pioglitazone was determined in the 

1 with regression coefficient, slope and intercept of 0.9996, 1.135 and 

0.02 respectively (Figure 4.2.2). The detection limit was calculated by the classical method of 3

was found to be 3.5 ng / µL injection (Table 4.2.2.). 

Table 4.2.2 Linearity and the calibration of Pioglitazone 

Detection Limit 

(ng per injection) 

Range of Calibration Slope Intercept 

 1-10 µg mL-1 1.137 0.02 

 

 

 

Relationship between the concentrations v/s response values obtained for pioglitazone

(1 to 10 µg mL
-1

) 
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System Performance for Pioglitazone using monolithic and particulate column under similar 

N K’ Rs 

866 0.893 3.18 

3120 6.25 9.90 

2036 5.28 8.48 

reproducibility of the retention time, number of theoretical plates, 

capacity factor, resolution and the relative retention of pioglitazone in the present system.  This 

indicates the efficiency of the monolithic column in the present method as compared with the 

commercially used particle packed columns (e.g. ODS). The retention time for pioglitazone was 

remarkably short in the former case (1.2 ± 0.05 minutes) due to which the sample throughput 

ioglitazone was determined in the 

with regression coefficient, slope and intercept of 0.9996, 1.135 and 

0.02 respectively (Figure 4.2.2). The detection limit was calculated by the classical method of 3σ 

 

Regression 

coefficient 

0.9996 

 

Relationship between the concentrations v/s response values obtained for pioglitazone  
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For stability, inter and intraday precision analysis, the standard of known concentration was 

analyzed daily for five consecutive days (Figure 4.2.2a). A 5 µg mL-1 concentration of 

pioglitazone was used to check the variation in determination. Response for both inter-day & 

intra-day analysis was calculated and both showed good agreement in terms of reproducibility 

and recovery. The coefficient of variance was 1.09 for intra-day analysis and 1.1 for inter-day 

precision analysis of pioglitazone (Table 4.2.3).  

 

Table 4.2.3 Inter-day and Intra-day  Reproducibility of determination 

 

Interday Analysis 

Compound 

Nominal 

concentration 

µg mL
-1

 

Measured 

concentration 

µg mL
-1

 

Accuracy (%)** C.V (%)* 

Pioglitazone 5.0 4.97 ± 0.05 99.59 1.09 

Intraday Analysis 

Pioglitazone 5.0 4.94 ± 0.05 98.83 1.1 

* Coefficient of Variance (%) = S.D x 100/mean 

** Accuracy (%) = observed concentration x 100/used concentration 

 

The optimized method was applied to determine pioglitazone in pharmaceutical and biological 

samples.  

4.2.2 Applications 

4.2.2.1 Pharmaceutical Tablet samples 

Pharmaceutical tablet samples were prepared as mentioned in experimental section (3.4.3.1). 

The results showed a good agreement of percent recovery and label claim from the 

manufacturer, which was determined to be 104 % with the coefficient of variance of 0.84 

(Figure  4.2.2b) and (Table 4.2.4). 
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Table 4.2.4 Assay values of Pioglitazone from Pharmaceutical Tablets 

 

Amount Taken 

(mg) 

Amount Recovered 

(mg) 
Mean Recovery 

0.0375 0.0390 ± 0.003 104.05 % 

0.0499 0.0524 ± 0.005 104.90 % 

0.0749 0.0777 ± 0.002 103.72 % 

0.1498 0.1568 ± 0.008 104.66 % 

0.1501 0.1588 ± 0.001 106.01 % 

4.2.2.2 Serum samples 

For the analysis of serum samples, solid phase extraction technique is preferred over Liquid – 

Liquid extraction because several interfering compounds were found to interfere in HPLC 

separation in the when the later technique was used. Serum samples were analyzed 

successfully with % recovery for spiked serum samples found to be 99 % (Figure 4.2.2c). The 

real serum samples were also analyzed and amount was found in the range of 0.30 to 0.55 µg 

mL-1 after two hours of single oral dose administration of a 15 mg pioglitazone tablet (Table 

4.2.4). 

 

4.2.2.3 Urine samples 

The spiked urine samples were analyzed as mentioned in experimental section (3.4.3.4), which 

shows the clean chromatogram with baseline separation from endogenous compounds and 

pioglitazone is completely resolved (Figure 4.2.2d). Percent recovery for the spiked samples of 

urine ranges from 99% - 102% (Table 4.2.4). 
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Figure 4.2.3 HPLC chromatogram of 5 μg mL
-1

 standard pioglitazone (a); pioglitazone in pharmaceutical tablets (b); real blood sample chromatogram of 

pioglitazone after oral administration of drug (c); spiked urine sample chromatogram of pioglitazone (d)- conditions as in-text 
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4.3 Simultaneous Determination of Betamethasone Sodium Phosphate, 

Triamcinolone, Prednisolone, Cortisone Acetate and Betamethasone in 

Plasma and Urine Samples using SPE-HPLC utilizing Monolithic Column 

4.3.1 Method optimization and Validation 

To separate five corticosteroids with internal standard methanol was used as organic modifier.  

The optimized mobile phase for the separation of corticosteroids was achieved using gradient 

composition of methanol (A) and water (B). Starting 0.0 min, 44% (A) (v/v) followed by 3.0 min 

linear gradient from 44% to 80% of A (v/v) then 2.0 min isocratic time  at ambient temperature. 

The objective of the present study was to develop a method that can be employed in routine 

analysis so the system was validated systematically according to ICH guidelines for analytical 

procedure. The system performance was calculated by the reproducibility tests of the retention 

time, number of theoretical plates, capacity factor, resolution and the selectivity factor of all 

compounds (Table 4.3.1). 

The above results show that the efficiency of the method using monolithic columns is 

comparable with commercially used particle packed columns which makes is a significant 

addition in separation sciences.  

 

Table 4.3.1. System performance of corticosteroids 

 

 

 

 

 

 

 

Analyte Theoretical 

Plates 

Capacity 

Factor 

Resolution Selectivity 

Factor 

BSP 1006 0000 ---- 1.573 

TRM 588 1.573 5.71 2.148 

PRD 5454 3.380 5.46 1.25 

CORT 14538 4.254 4.25 1.37 

BMT 28776 5.868 9.6 1.06 

BMC 27057 6.224 2.01 ---- 
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Figure 4.3.1 HPLC chromatogram of increasing amounts (1 to 50 µg mL
-1

) of corticosteroids 

                  
 

Figure 4.3.1 demonstrates the linear calibration range of five corticosteroids in the range of 1 to 

50 µgmL-1 with co-efficient of ≥ 0.994 for all the compounds under study. Standard calibration 

was used to construct the calibration curve to calculate LOD and LOQ, which can be expressed 

as 3.3 and 10 times the ratio of the standard error of intercept and slope of the curve 

respectively (Figure 4.3.2). Detection limit for the five compounds were determined to be 8.5, 

4.41, 1.41 and 3.9 ng mL-1 for BSP, TRM, PRD, CORT and BMT respectively (Table 4.3.2). 

 

Table 4.3.2 Analytical parameters and system validation results of corticosteroids 

 

 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 min
0

5000

10000

15000

20000

25000

30000

35000

40000
uV

Analyte Linearity range 

(µg mL
-1

) 

Correlation 

Coefficient 

LOD 

(ng mL
-1

) 

LOQ 

(ng mL
-1

) 

Repeatability  

of time, tR
a
 

BSP 0.625–50 0.998 8.5 28.33 1.33 ± 0.01 

TRM 0.625–50 0.9993 4.41 14.72 2.24 ± 0.05 

PRD 0.625–50 0.999 1.42 4.73 3.68 ± 0.04 

CORT 0.625–50 0.994 3.90 13.03 4.37 ± 0.03 

BMT 0.625–50 0.9991 6.55 21.84 5.65 ± 0.03 
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Figure 4.3.2 Relationship between the concentrations v/s response obtained for corticosteroids (1 to 50 µg mL
-1

) 
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Table 4.3.3 Reproducibility and inter-day and intra-day precision analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The precision, accuracy and coefficient of variance of the method were tested as discussed 

earlier. A 5 µg mL-1 concentration of BSP, TRM, PRD, CORT and BMT was used to check the 

variation in determination. The results obtained from calculations showed a very good 

agreement for reproducibility and recovery. The % recoveries for intraday precision analysis of 

BSP, TRM, PRD, CORT and BMT were found to be in the range of 88.41 to 98.0% with co-

efficient of variance in the range of 0.12. to 0.45% and for interday precision analysis, 

%recoveries for all corticosteroids were in the range of 89.0 to 102.66% with co-efficient of 

variance in the range of 1.1 to 2.53% respectively (Table 4.3.3). 

 

 
 
 

Intraday Analysis 

Analyte Nominal 

Concentration 

 µg mL
-1 

Measured 

Concentration 

µg mL
-1 

Accuracy 

(%)** 
C.V 

(%)* 

BSP 5.00 4.90±0.08 98.0 0.69 

TRM 5.00 4.42±0.01 88.41 0.12 

PRD 5.00 4.45±0.04 88.95 0.45 

CORT 5.00 4.78±0.01 95.60 0.16 

BMT 5.00 4.55±0.01 91.01 0.35 

Interday Analysis 

BSP 5.00 5.18±0.23 102.66 1.1 

TRM 5.00 4.49±0.24 89.80 2.53 

PRD 5.00 4.50±0.12 90.05 1.84 

CORT 5.00 4.81±0.07 96.2 1.61 

BMT 5.00 4.58±0.06 91.6 1.38 

* Coefficient of Variance (%) = S.D x 100/mean 

** Accuracy (%) = observed concentration x 100/used concentration  
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Table 4.3.4 Mean absolute recovery of drugs for spiked corticosteroids from plasma and urine samples 

 

Analyte Spiked plasma samples 

(1.0 ug mL-1) 

Spiked urine samples 

(1.0 ug mL-1) 

Recovery (%)  

BSP 89.69 119.61 

TRM 105.80 106.28 

PRD 103.86 105.52 

CORT 95.86 101.44 

BMT 104.68 101.27 
 

4.3.2 Real Time Applications 

After the successful optimization and validation of five corticosteroids with internal standard, 

performance of the method was checked in real time applications by analyzing the plasma and 

urine samples of healthy volunteers. 

4.3.2.1 Plasma Sample Applications 

Blank and spiked plasma samples were analyzed with above mentioned in experimental section 

(3.5.3.2). Solid phase extraction technique provided good efficiency in terms of recovery and 

was found superior to other liquid-liquid extraction techniques, which were time consuming. 

Response showed a baseline separation of all the corticosteroids from endogenous compounds 

(Figure 4.3.2). The % recoveries were also determined to be satisfactory and were in the range 

of 89.69 to 105.80 % (Table 4.3.4).  

4.3.2.2 Urine Sample Applications 

Blank and spiked urine samples of healthy volunteers were treated as mentioned in 

experimental section (3.5.3.3). Separation efficiency of treated samples as shown in 

chromatogram (Figure 4.3.4) and satisfactory recoveries (Table 4.3.4) proved selectivity and 

accuracy of method in biological fluids. Exceptional recovery for BSP may be due co-elution of 

some endogenous compounds (Figure 4.3.3). The % recoveries for other corticosteroids were in 

the range of 101.27 to 106.28% (Table 4.3.4). 
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Figure 4.3.3 HPLC chromatogram of corticosteroids spiked plasma sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.4 HPLC chromatogram of corticosteroids spiked urine sample  
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4.4 Quantification of antihyperglycemic agents: A comparative study of 

electrospray and atmospheric pressure chemical ionization with liquid 

chromatography – mass spectrometry using monolithic column 

4.4.1 Chromatographic separation of antihyperglycemic agents 

To separate the five antihyperglycemic agents both methanol and acetonitrile as organic 

modifiers were used. Different ratios of methanol along with aqueous phase were tried but it 

was not found to provide the appropriate resolution for all the components as compared to the 

acetonitrile so finally acetonitrile was selected as the optimum organic modifier. Again different 

compositions of acetonitrile along with 0.1% Formic acid were tried and the best results were 

obtained using the gradient composition of these solvents. 

The optimized mobile phase for the separation of MET, PGZ, GLB, GLZ and GLP was achieved 

using gradient of acetonitrile (A) and 0.1% formic acid (B). Starting 0.0 min, 30% A (v/v) 

followed by 4.0 min linear gradient from 30% to 57% of A (v/v) then 5.0 min isocratic time  at 

30°C. 

4.4.2 Parameters of LC-MS process 

After optimizing LC solvent system, mass spectrometer parameters for both ionization modes 

(ESI and APCI) were optimized manually.  Positive mode provided better response as compared 

to negative, so it was selected as optimum. 

4.4.2.1 APCI Parameters 

Source heater temperature is an important in APCI because increasing the temperature allows 

easy evaporation and desolvation of solvent. This was studied in the range of 250°C to 500°C. 

The best ion signal for all the components was achieved at 400°C hence it was selected as the 

optimum temperature. The other parameters for APCI optimized were Sheath and Aux Gas flow 

of 60 and 10 Arbitrary Units respectively, Discharge current 5.0 µA, Capillary temperature 

150°C, Capillary voltage and Tube Lens 50V.   



Chapter-four: Results and Discussion  Part -IV 

73 

4.4.2.2 ESI Parameters 

In ESI spray voltage is significant. Spray voltage parameter was optimized in the range of 3.0 to 

5.0 kV and the best results were obtained at 5.0 kV. The other MS parameters for ESI were 

optimized to be Sheath and Aux/sweep gas flow 75 and 20 Arbitrary Units respectively, 

Capillary temperature 225°C, Capillary and Tube Lens voltage of 30V respectively. 

4.4.3 System suitability and Linearity 

The system performance parameters; theoretical plates, capacity and selectivity factor, 

resolution etc. for MET, PGZ, GLZ, GLB, and GLP have been used to check the column 

performance. The theoretical plates for all the components were found to be satisfactory 

except that for MET, which was found to elute earlier. The capacity factor values were 0.28, 

2.18, 3.41, 4.19 and 4.48 for MET, PGZ, GLZ, GLB and GLP respectively. The selectivity factor for 

all the components under study were in the range of 1.06 to 2.72. The column efficiency has 

also been checked using the resolution of peaks and it showed all the components baseline 

separated (Table 4.4.1). The effect of flow rate on back pressure was tested and it was 

observed that the back pressure exerted by monolithic column was quite low as compared to 

other particle packed columns. 

The analytical and validation parameters for both APCI and ESI have been calculated 

individually. APCI showed low sensitivity as compared to ESI. Linearity for the five target 

compounds was determined using both APCI and ESI. APCI exhibited different linear ranges for 

compounds. MET and GLP were found to be linear in the range of 0.2-2.0 and 0.5-2.0 μg mL-1 

respectively whereas PGZ, GLZ and GLB were found to be linear in the range of 0.03, 0.02 and 

0.06 to 2.0 μg mL-1 respectively. ESI was found superior as compared to APCI in linear range and 

for MET, PGZ, GLZ and GLB it was found to be linear in the range of 0.05 –2.0 µgmL-1 

respectively whereas for GLP it was found linear in the range of 0.2-2.0 μg mL-1 (Table 4.4.2). 
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Table 4.4.1 System Performance  parameters 

 

 

 

 

 

 

 

 

 

4.4.4 Specificity 

Specificity of the method was analyzed by injecting plasma blank and spiked samples separately 

in triplicate. The LC-MS chromatogram of blank plasma was found to produce no signal on the 

retention time of antihyperglycemic agents at their respective mass to charge ratios. Therefore 

antihyperglycemic drugs were analyzed without interference in plasma samples (Figure 4.4.1). 

 

 
Table 4.4.2 Comparison of APCI and ESI for Analytical parameters, S/N ratio and area 

 

 

Analyte Repeatability 

of time, tR
a
 

Theoretical 

Plates 

Capacity 

Factor 

Selectivity 

Factor 

Resolution 

MET 1.40±0.05 661 0.28 - - 

PGZ 4.27±0.04 2409 2.18 2.72 5.76 

GLZ 6.05±0.05 2804 3.41 1.56 3.61 

GLB 7.04± 0.06 3879 4.19 1.22 2.91 

GLP 7.41±0.03 4525 4.48 1.06 0.93 

tR
a Retention time for mobile phase flow rate of 1.0 mL min-1 

 

 

 

Analyte 

Linearity (µg mL
-1

) LOD (ng mL
-1

) LOQ (ng mL
-1

) S/N ± S.D 

(n = 5) 

Area ± S.D 

(n = 5) 

APCI ESI APCI ESI APCI ESI APCI ESI APCI 

(x10
5
) 

ESI 

(x10
6
) 

MET 0.2–2.0 0.05–2.0 48.39 6.84 161.30 22.80 37±13 785±70 156±10 178±10 

PGZ 0.03–2.0 0.05–2.0 8.02 6.22 26.75 20.76 247±91 883±77 1133±13 327±11 

GLZ 0.02–2.0 0.05–2.0 5.61 23.43 18.75 78.10 160±36 167±39 594±15 68±03 

GLB 0.06–2.0 0.05–2.0 17.02 13.03 56.74 43.46 47±12 195±11 98±02 50±02 

GLP 0.5–2.0 0.2–2.0 144.55 44.38 481.85 147.90 18±06 57± 14 32.3± 01 22±01 
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Figure 4.4.1 Spiked plasma with antihyperglycemic drugs chromatogram (a), blank plasma chromatogram (b)

 

4.4.5 Comparison of limit of detection (LOD)

LOD for five antihyperglycemic compounds were determined using LC

LOD according to ICH guidelines for analytical

i-e 0.125, 0.25, 0.5, 1.0 and 2.0 µg

which is expressed as 3.3 times the ratio of the standard error of intercept and slope of the 

curve.  

LOD for MET, PGZ, GLB and GLP were found lowest using ESI whereas APCI produced lowest 

LOD for GLZ. Lowest LOD using ESI was 6.22 ng 

for GLZ. The study reveals that most of the compounds were best analyzed using ESI

exhibited better performance and due to low background noise and therefore it shows ESI as a 

choice of ionization technique for drugs under study (Table 4.4.2).
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MET, PGZ, GLB and GLP were found lowest using ESI whereas APCI produced lowest 

LOD for GLZ. Lowest LOD using ESI was 6.22 ng mL-1 for PGZ and using APCI, it was 5.61 ng 

for GLZ. The study reveals that most of the compounds were best analyzed using ESI

exhibited better performance and due to low background noise and therefore it shows ESI as a 

choice of ionization technique for drugs under study (Table 4.4.2). 
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MET, PGZ, GLB and GLP were found lowest using ESI whereas APCI produced lowest 

for PGZ and using APCI, it was 5.61 ng mL-1 

for GLZ. The study reveals that most of the compounds were best analyzed using ESI which 

exhibited better performance and due to low background noise and therefore it shows ESI as a 
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4.4.6 Comparison of signal intensity and signal to noise ratio 

To determine the effect of signal and signal to noise ratio, a mixture having 1 µgmL-1 of each 

compounds under study, was analyzed in triplicate using both APCI and ESI modes. Table 4.4.2. 

shows the signal intensities (area) and signal to noise ratios  obtained for various drugs. The 

difference between the signal intensities of APCI and ESI demonstrates that ESI works better for 

all the five target compounds under this study as compared to APCI. The same trend was 

observed in the data obtained for signal to noise (S/N) ratio. Again ESI exhibited better 

performance for the MET, PGZ, GLB and GLP whereas GLZ was found to have better 

performance using APCI. However GLZ has also shown the satisfactory results with ESI.  

The main difference of S/N ratio was observed for MET (which is most polar among the 

investigated compounds) which was almost > 25 fold higher using ESI. It is rule of thumb that 

for polar compounds, ESI is preferred over APCI (Thurman, et al., 2001). So, GLB and GLP (least 

polar compounds) were expected to provide better performance using APCI but on the contrary 

practically it was not observed that may be due to the fragmentation of the target compounds 

at high elevated temperatures using APCI. (Purcell, et al., 2007) has shown that nitrogenous 

compounds are best analyzed by ESI than any other atmospheric pressure ionization source 

because ESI operates at relatively low temperatures than other API sources. The high 

temperature in APCI produces the radical cations that may fragment before detection. Such 

type of trend has also been observed with the compounds in this study. Mass spectra obtained 

using ESI show clearly the molecular ion peaks for all target compounds and noise level is also 

very low whereas APCI mass spectra show many different ions which may have been produced 

due to fragmentation of the target compounds and also the noise level is quite high as 

compared to ESI (Figure  4.4.3).  
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4.4.7 Within-laboratory determinations 

The precision, accuracy and coefficient of variance of the method were tested as discussed 

earlier. The interday and intraday precision determinations for the antihyperglycemic agents 

showed satisfactory results. For the intraday analysis the accuracy was found to be in the range 

of 88.41% to 98.0% whereas the CV was found to be in the range of 1.02% to 2.26%. For the 

interday analysis the accuracy was found to be in the range of 89.7% to 103.66% whereas the 

CV was found to be in the range of 1.93% to 3.34% (Table 4.4.3). 

 

 

Table 4.4.3 Interday & Intraday Reproducibility determinations 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.4.8 Real time applications in plasma and urine samples 

After the successful optimization and validation of the method for the five antihyperglycemic 

agents with internal standard, method was applied to real application so as to check its 

performance for trials in routine clinical analysis. For that plasma and urine samples were 

selected. First of all the plasma and urine blank and spiked samples were analyzed. The spiked 

plasma samples using ESI ionization source provided the best results and the % recovery for 

spiked plasma samples using ESI were in the range of 80.4% to 107.0% whereas for APCI these 

were in the range of 56.8% to 95.8%.        

 

 

Analyte 

Intraday Analysis (1 µgmL
-1

) 

(n = 5) 

Interday  (1 µgmL
-1

) 

(n = 5) 

Measured 

µgmL
-1 

Accuracy 

(%)
a
 

C.V 

(%)
b 

Measured 

µgmL
-1 

Accuracy 

(%)
a
 

C.V 

(%)
b 

MET 0.980±0.01 98.0 1.02 1.036±0.02 103.6 1.93 

PGZ 0.884±0.02 88.4 2.26 0.897±0.03 89.7 3.34 

GLZ 0.889±0.01 88.9 1.12 0.999±0.03 99.9 3.00 

GLB 0.956±0.01 95.6 1.05 0.962±0.02 96.2 2.08 

GLP 0.910±0.01 91.0 1.10 0.916±0.02 91.6 2.18 

a Accuracy (%) = observed concentration x 100/used concentration 

b Coefficient of Variance (%) = S.D x 100/mean 



Chapter-four: Results and Discussion  Part -IV 

78 

The same trend was also observed in spiked urine samples and ESI recoveries were in the range 

of 42.4% to 93.2% whereas for APCI it was 11.4% to 81.7%. The low recovery of MET has been 

observed in both plasma and urine samples and possible reason may be the fast elution which 

may have pronounced the matrix effect due to endogenous materials. 

 

 

 

Table 4.4.4 Comparison of APCI & ESI for mean absolute recovery of drugs for spiked plasma, urine and single 

oral dose administered (O.D.A) plasma samples 

 

 

 

 

 

 

 

 

 

 

 

The application of the method in the real plasma samples of healthy volunteers was also 

determined. Drugs in individual (GLP) and in combination therapy (PGZ with GLP and MET with 

GLB) were tested in plasma samples after oral dose administration in volunteers. The plasma 

sample for GLZ was not analyzed due to non availability of drug in nearby areas. The plasma 

sample after ODA again showed that ESI was superior to APCI (Figure 4.4.4). The bioavailability 

data of antihyperglycemic drugs in healthy volunteers plasma samples after single O.D.A was 

determined using LC-ESI-MS and LC-APCI-MS and were in the range of 0.3 µg mL-1 to 0.88 µg 

mL-1 and 0.1 µg mL-1 to 0.52 µg mL-1 respectively (Table 4.4.4). 

 

 

Analyte 

Spiked Plasma Samples Spiked Urine Samples Plasma Samples after O.D.A 

(µg mL
-1

) (% Recovery) 

APCI ESI APCI ESI APCI ESI 

MET 56.8±0.3 80.4±0.2 11.4±0.4 42.4±0.2 0.1±0.05 0.3±0.03 

PGZ 89.2±0.2 103.6±0.1 84.3±0.1 92.4±0.3 0.26±0.02 0.52±0.01 

GLZ 20.4±0.4 107.0±0.3 79.5±0.3 92.8±0.3 - - 

GLB 94.6±0.2 105.4±0.3 83.1±0.2 98.2± 0.4 0.31±0.03 0.42±0.05 

GLP 95.8±0.1 104.0±0.2 81.7±0.2 93.2±0.1 0.52±0.01 0.88±0.01 

Internal 

Standard 
92.3±0.2 104.1±0.1 86.5±0.2 94.3±0.3 - - 
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Figure 4.4.2 HPLC  chromatograms and mass spectra of five antihyperglycemic drugs (1 µg mL
-1

)with internal standard. APCI chromatogram (a), APCI mass 

spectra (b), ESI chromatogram (c), ESI mass spectra (d) 
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Figure 4.4.3 Healthy volunteers plasma sample chromatograms after oral dose administration using APCI and ESI. (a, b, c) APCI, (d, e, f) ESI.

 

  

plasma sample chromatograms after oral dose administration using APCI and ESI. (a, b, c) APCI, (d, e, f) ESI.
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plasma sample chromatograms after oral dose administration using APCI and ESI. (a, b, c) APCI, (d, e, f) ESI. 
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4.5 A Multi-component Quantification of Vitamin E-Acetate, D3 and K1 in 

Plasma Samples with Liquid Chromatography-Atmospheric Pressure 

Chemical Ionization- Mass Spectrometry Utilizing Monolithic Column 

4.5.1 Optimization of separation and identification conditions 

To carry out the separation of vitamin E-acetate, D3 and K1 methanol was used as mobile 

phase and MS was set in APCI mode which is flexible towards different flow rates. Three 

target components along with vitamin D2 (internal standard) were eluted from monolithic 

column with various mobile phase compositions rich in methanol content. Isocratic elution 

conditions using any of the composition were not found successful in separating all 

components then the system was switched to gradient elution mode using methanol and 

aqueous formic acid. The optimized mobile phase for the separation of V-EA, V-D3 and V-K1 

was achieved using gradient of methanol (A) and 0.1% formic acid (B). Starting 0.0 min, 95% 

A (v/v) followed by 10.0 min linear gradient from 95% to 99% of A (v/v) then 2.0 min 

isocratic time at ambient temperature. The flow rate was 1.0 mL/min and total analysis time 

was 15 min. Under optimized liquid chromatographic conditions, detection using mass 

spectrometer was performed with APCI in positive mode. The full scan mass range was m/z 

100–500 and corresponding mass spectra analysis of fate soluble vitamins (FSVs) was 

recorded at V-D3 m/z 385.23, V-EA m/z 473.47 and V-K1 m/z 451.41. V-D2 which was used 

as internal standard and its mass spectral analysis was recorded at m/z 397.28. All other 

optimization was carried out at positive ionization using corresponding m/z for each analyte. 

Source heater temperature was varied in the range of 250 °C to 450 °C and corona discharge 

current from 3 µA to 8 µA. The ionization efficiency was found to be very much sensitive 

with changes in source heater temperature and corona discharge current. Decreasing the 

values for both parameters showed decrease in ionization efficiency of analytes and the 

best ion intensity for all the components was achieved using source heater temperature of 

350 °C with corona discharge current of 5.0 µA so these values were selected as the 

optimum. The other parameters for APCI were optimized to be sheath and aux gas flow of 

20 and 50 arbitrary units; capillary temperature 150 °C, capillary and Tube Lens offset 

voltage of 45 and 55 V. Figure 4.5.2 shows the separation of all four components separated 

under optimized conditions and processed using Xcalibur software.   
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4.5.2 System suitability, linearity and calibration 

The system suitability was calculated by the reproducibility tests of the retention time, 

number of theoretical plates, capacity factor, resolution and the selectivity factor of all 

compounds. Linearity was monitored using linear regression plot. Linearity range of V-D3 

and V-K1 was found to be in the range of 0.1 to 10 µg mL-1 with regression co-efficient of 

0.999 respectively whereas for V-EA it was found to be in the range of 0.25 to 10 µg mL-1 

with regression co-efficient of 0.993 (Figure 4.5.1). The internal standard calibration of V-D3, 

V-EA and V-K1 was constructed in the range of 0.25 to 5.0 µg mL-1 (Table 4.5.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.5.1 Relationship between the concentrations v/s response obtained for FSVs (1 to 10 µg mL

-1
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Table 4.5.1 System suitability and validation parameters. 

 

Parameter Vitamin-D3 Vitamin-EA Vitamin-K1 

Repeatability of time, tR
a 6.58 ± 0.01 9.36 ± 0.03 11.68 ± 0.03 

Theoretical Plates 4329 5607 6073 

Capacity factor 3.13 4.88 6.35 

Resolution 0.5 3.08 2.11 

Selectivity Factor 1.08 1.56 1.30 

Linearity (μg mL-1) 0.1 to 10 0.25 to 10 0.1 to 10 

Limit of detection (ng mL-1) 0.1 1.36 0.052 

Limit of quantification (ng mL-1) 0.33 4.55 0.17 

 

4.5.3 Limit of detection and limit of quantification 

Standard calibration was used to construct the calibration curve to calculate LOD and LOQ, 

which can be expressed as 3.3 and 10 times the ratio of the standard error of intercept and 

slope of the curve respectively. Limit of detection and quantification for the V-D3, V-EA and 

V-K1 were determined to be 0.1, 1.36 and 0.052 ngmL-1 and 0.33, 4.55 and 0.17 ng mL-1, 

respectively (Table 4.5.1).  

4.5.4 Specificity 

Specificity of the method was analyzed by injecting plasma blank and spiked samples 

separately in triplicate. The ion chromatogram of blank plasma was found to produce no 

signal on the retention time of vitamins (except that for V-K1 itself in two volunteers) 

therefore using current procedure the vitamins can be analyzed without interference in 

plasma samples (Figure 4.5.2). 
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Table 4.5.2 Within-laboratory precision determinations 
 

Intraday Analysis 

Analyte 

Nominal Concentration 

1.25 µg mL
-1

 

Nominal Concentration 

2.50 µg mL
-1

 

Nominal Concentration 

5.0µg mL
-1 

 

Measured 

conc. 

Accuracy 

(%) 
CV (%) 

Measured 

conc. 

Accuracy 

(%) 
CV (%) 

Measured 

conc. 

Accuracy 

(%)
1
 

CV (%)
2
 

Vitamin-D3 1.28 ± 0.02 102.4 1.56 2.55 ± 0.03 102 1.18 5.08± 0.11 101.6 2.17 

Vitamin-EA 1.22 ± 0.02 97.6 1.64 2.41 ± 0.05 96.4 2.07 4.82 ± 0.05 96.4 1.04 

Vitamin-K1 1.26 ± 0.03 100.8 2.38 2.49 ± 0.04 99.6 1.61 4.99 ± 0.06 99.85 1.20 

Interday Analysis 

Vitamin-D3 1.33±0.04 106.4 3.01 2.62±0.07 104.8 1.48 5.28±0.21 105.6 3.6 

Vitamin-EA 1.27±0.04 101.6 2.29 2.42±0.04 96.8 1.69 4.86±0.06 97.2 1.24 

Vitamin-K1 1.29±0.04 103.2 3.29 2.47±0.03 98.67 1.3 5.06±0.1 101.2 1.96 

1 Accuracy (%) = observed concentration x 100/actual concentration 

2 CV (%) = S.D x 100/mean 
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Figure 4.5.2 Blank plasma sample chromatogram (a), spiked plasma sampl

 

ssion                                                                                            

Blank plasma sample chromatogram (a), spiked plasma sample chromatogram (b) and spiked plasma mass spectra (c) 
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e chromatogram (b) and spiked plasma mass spectra (c) – conditions as mentioned in text 
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4.5.5 Within-laboratory determinations 

Within-laboratory determinations were analyzed by intraday and interday precision analysis 

and by two different analysts. Intraday and interday precision analysis were performed at 

three different concentrations of 1.25, 2.5 and 5.0 μg mL-1for V-D3, V-EA and V-K1 standards 

for five times a day and five consecutive days. The precision of all vitamins were evaluated 

for accuracy (%) with C.V (%) response in both intraday and interday reproducibility 

determinations. The accuracy (%) of V-D3, V-EA and V-K1 for intraday precision data analysis 

were determined to be in the range of 96.4 to 102.4% with CV (%) in the range of 1.04 to 

2.38. The accuracy (%) of V-D3, V-EA and V-K1 for interday precision data analysis were 

determined to be in the range of 96.8 to 106.4 with CV (%) in the range of 1.24 to 3.6. The 

precision for FSVs for both interday and intraday reproducibility determinations were found 

to be <5% which showed useful feature of method for routine analysis (Table 4.5.2).  

Within-laboratory determination was also carried out by two different analyst so as to 

analyze the effect on the performance of present study for which two different 

concentrations (1.25 and 2.5 ng mL-1) were evaluated for accuracy (%) and C.V (%) of V-D3, 

V-EA and V-K1 standards. The response obtained for accuracy (%) with C.V (%) was in the 

range of 95.2 to 100.8% with 0.42 to 2.5% respectively (Table 4.5.3). 

 

Table 4.5.3 Within-laboratory precision analysis by two different analysts 

 

Analyst – 1 

Analyte 

Nominal Concentration 

1.25 µg mL
-1 

 

Nominal Concentration 

2.50 µg mL
-1

 

Measured 

conc. 
% Accuracy CV (%) 

Measured 

conc. 
% Accuracy CV (%) 

Vitamin-D3 1.28± 0.02 102.40 1.56 2.38± 0.01 95.20 0.42 

Vitamin-EA 1.20± 0.03 96.00 2.50 2.39± 0.04 95.60 1.67 

Vitamin K1 1.26± 0.03 100.80 2.38 2.47± 0.03 98.80 1.21 

Analyst – 2 

Vitamin-D3 1.22± 0.01 97.6 0.82 2.43± 0.06 97.39 2.47 

Vitamin-EA 1.20± 0.03 95.94 2.50 2.48± 0.01 99.31 0.40 

Vitamin K1 1.19± 0.02 95.04 1.68 2.52± 0.03 100.67 1.19 
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4.5.6 Applications in plasma samples

Plasma samples of five healthy volunteers were analyzed using the developed method. V

was not orally administered to volunteers because it is naturally present in human blood 

(Mummah-Schendel, et al.

study and response from the plasma s

whereas it was not found in three volunteers at the detection limit of method. V

plasma samples of healthy volunteers was found to be 93.2 ± 4.0 ng 

The applications in plasma s

plasma samples were analyzed for three vitamins. Accuracy (%) for V

spiked plasma samples were determined to be 90.8, 93.0 and 86% respectively. ODA plasma 

samples were analyzed for V

ng mL-1 respectively (Table 4.5.4).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5.3 Blank plasma spiked with I.S showing V
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Applications in plasma samples 

Plasma samples of five healthy volunteers were analyzed using the developed method. V

ly administered to volunteers because it is naturally present in human blood 

, et al., 1986; Sadowski, et al., 1989) The same was observed in our 

study and response from the plasma samples showed, its presence in only two volunteers 

whereas it was not found in three volunteers at the detection limit of method. V

plasma samples of healthy volunteers was found to be 93.2 ± 4.0 ng mL-

The applications in plasma samples were carried out in duplicate. Blank, spiked and ODA 

plasma samples were analyzed for three vitamins. Accuracy (%) for V-D3, V

spiked plasma samples were determined to be 90.8, 93.0 and 86% respectively. ODA plasma 

ed for V-D3 and V-EA that were found to be 14.4 ± 0.4 and 414.6 ± 0.6 

respectively (Table 4.5.4). 

Blank plasma spiked with I.S showing V-K1 (a), mass spectra of blank plasma with I.S showing V

K1 (b) 
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Plasma samples of five healthy volunteers were analyzed using the developed method. V-K1 

ly administered to volunteers because it is naturally present in human blood 

The same was observed in our 
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whereas it was not found in three volunteers at the detection limit of method. V-K1 in 

-1 (Figure 4.5.3).  
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Table 4.5.4 Mean absolute recovery of drugs for blank, spiked plasma and single oral dose administered 

(O.D.A) FSVs from plasma samples. 

 

 

 

 

Analyte 

Spiked Plasma Samples Real Plasma Samples 

Nominal Conc. 

(µg mL
-1

) 

Observed conc. 

(µg mL
-1

) 

Recovery 

(%) 

 

Plasma Samples after 

single O.D.A 

(ng mL
-1

) 

Analytes in Blank 

Plasma samples 

(ng mL
-1

)
1
 

Vitamin-D3 0.6 0.545±0.01 90.8 14.4±0.4 -- 

Vitamin-EA 0.6 0.558±0.08 93.0 414.6±0.6 -- 

Vitamin-K1 0.6 0.516±0.01 86.0 --- 93.2±4 

1Vitamin K was found in plasma sample of only two volunteers whereas Vitamin-EA and D3 were found absent in 

blank plasma samples 
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4.6 Multi-Component Quantification of Loratadine, Pseudoephedrine and 

Paracetamol in Plasma and Pharmaceutical Formulations with Liquid 

Chromatography-Tandem Mass Spectrometry utilizing Monolithic Column 

4.6.1 Optimization of separation and identification conditions 

One of the objectives of the study was to employ monolithic column (i.d. 4.6 cm) for separation 

of PSE, PAR and LOR using mass detection. To carry out the separation methanol was used as 

mobile phase and ESI mode in MS was set which easily accommodates various flow rates. 

Various mobile phase compositions were employed to separate PSE, PAR and LOR. Isocratic 

elution conditions were not found successful in separating all components in short time so the 

system was switched to step gradient elution mode using methanol and aqueous formic acid. 

The optimized mobile phase for the separation of selected drugs was achieved using gradient of 

methanol (A) and 0.1% formic acid (B). Starting 0.0 min, 40% A (v/v) followed by 5.0 min 

isocratic  and then linear gradient from 40% to 80% of A (v/v) then 2.0 min isocratic time at 

ambient temperature. The flow rate was 1.0 mL min-1 and total analysis time was 12 min. Once 

the separation of all the components was achieved successfully then MS parameters; spray 

voltage, capillary temperature and gas flows were optimized. ESI was carried out in positive 

mode. Ionization of analytes is sensitive to spray voltage in ESI hence the effect was studied in 

the range of 3.0 to 5.0 kV. It was observed that decreasing the values showed decrease in 

ionization efficiency of analytes and the best ion intensity for all the components was achieved 

using spray voltage of 4.5 kV.  Therefore, 4.5 kV was selected as the optimum ionization 

potential. The other MS parameters for ESI were optimized to be sheath gas and aux/sweep gas 

flows at 75 and 25 arbitrary units, respectively while capillary temperature was maintained at 

225°C. Mass spectral transitions were recorded in SRM mode at m/z 166.2 → m/z 148.0 for PSE 

with collision energy (CE) of 28, m/z 152.0 → m/z 110.0 for PAR with CE of 40, m/z 383.0 → m/z 

337.0 for LOR with CE of 38 and m/z 275.2 → m/z 230.2 for internal standard with CE of 28 

(Figure 4.6.1). All other optimizations were carried out at positive ionization using 

corresponding m/z for each analytes’ product ion. Figure 4.6.2 shows the separation of all 

components separated under optimized conditions and processed using Xcalibur software.  
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Figure 4.6.1 Selected reaction monitoring spectra showing product ion of s

  

Selected reaction monitoring spectra showing product ion of s+ of: (a) pseudoephedrine; (b) paracetamol; (c) chlorpheniramine (internal 

standard)  and (d) loratadine. 
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etamol; (c) chlorpheniramine (internal 
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Figure 4.6.2 LC-MS/MS standard chromatogram (PSE, IS and PAR  and LOR 0.1 µg 

4.6.2 Extraction recovery and matrix effec

The ion suppression or enhancement is primarily caused by endogenous materials present in 

matrix samples while using electrospray ionization and its extent chiefly depends on the nature 

of the components under investigation and sample treatment procedure

2009). The results obtained for PSE, PAR and LOR show no apparent signal suppression when 

protein precipitation sample clean up procedure was adopted. Results indicate (Table 4.

that the maximum recovery was achieved for LOR (101.56% ± 0.1) followed by PSE (97.78% ± 

0.3) where as extraction recovery for PAR was determined to be (88.13% ± 0.3). The extraction 

efficiency was found to be satisfactory as it was consistent and rep

attributed to protein precipitation procedure used in this method which proved to be efficient 

and simple enough to extract all components along with internal standard simultaneously from 

human plasma. 
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MS/MS standard chromatogram (PSE, IS and PAR  and LOR 0.1 µg mL
-1

). 

The ion suppression or enhancement is primarily caused by endogenous materials present in 

matrix samples while using electrospray ionization and its extent chiefly depends on the nature 

of the components under investigation and sample treatment procedure (Van Eeckhaut, et al., 

. The results obtained for PSE, PAR and LOR show no apparent signal suppression when 

protein precipitation sample clean up procedure was adopted. Results indicate (Table 4.6.1) 

that the maximum recovery was achieved for LOR (101.56% ± 0.1) followed by PSE (97.78% ± 

0.3) where as extraction recovery for PAR was determined to be (88.13% ± 0.3). The extraction 

efficiency was found to be satisfactory as it was consistent and reproducible. This can be 

attributed to protein precipitation procedure used in this method which proved to be efficient 

and simple enough to extract all components along with internal standard simultaneously from 
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Table 4.6.1 Precision, accuracy and extraction recovery for LOR, PSE, PAR and CPM in plasma samples. 

 

Component 

Nominal 

Concentration 

(μg/mL) 

Intra-day (n=6) Inter-day (n=6) 
Extract 

recovery 

(%) (n=6) 

Measured 

Concentration 

(μg/mL) 

CV 

(%) 

Measured 

Concentration 

(μg/mL) 

CV 

(%) 

PSE 

0.625 0.629 ± 0.02 3.18 0.621 ± 0.02 3.22 98.70 

1.25 1.28 ± 0.02 1.56 1.23 ± 0.04 3.25 97.78 

2.5 2.52 ± 0.04 1.59 2.46 ± 0.06 2.44 99.32 

       

PAR 

0.625 0.565 ± 0.02 3.54 0.571 ± 0.03 5.25 88.57 

1.25 1.12 ± 0.03 2.68 1.11 ± 0.04 3.60 88.13 

2.5 2.31 ± 0.04 1.73 2.28 ± 0.06 2.63 89.32 

       

LOR 

0.625 0.626 ± 0.01 1.60 0.624 ± 0.02 3.21 101.56 

1.25 1.25 ± 0.01 0.80 1.24 ± 0.03 2.42 100.23 

2.5 2.51 ± 0.03 1.20 2.49 ± 0.03 1.21 101.16 

       

Internal 

Standard 

0.625 0.622 ± 0.02 3.22 0.623 ± 0.02 3.21 100.42 

1.25 1.26 ± 0.02 1.59 1.24 ± 0.03 2.42 101.15 

2.5 2.51 ± 0.03 1.20 2.48 ± 0.05 2.02 99.39 

       

 

4.6.3 System suitability, linearity and calibration 

The system suitability was calculated by the reproducibility tests of the retention time, number 

of theoretical plates, capacity factor, resolution and the selectivity factor of all compounds. 

Linearity was monitored using linear regression. Linearity range for PSE, PAR and LOR was 

found to be in the range of 0.03 to 10 µg mL-1 with regression co-efficient of > 0.98 for all 

selected drugs (Figure 4.6.3). The internal standard calibration of PSE, PAR and LOR was 

constructed in the range of 0.078 to 5.0 µg mL-1 (Table 4.6.2). 
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Table 4.6.2 System suitability and validation parameters 
 

 PSE PAR LOR 

Repeatability of time, tR
a 1.66 ± 0.02 1.64 ± 0.01 8.89 ± 0.01 

Capacity factor 1.91 1.88 14.6 

Resolution 0.5 0.38 2.97 

Selectivity Factor -- 0.98 2.49 

Linearity (μg mL-1) 0.039 – 10 0.039 – 10 0.039 – 10 

Limit of detection (ng mL-1) 3.14 1.86 1.44 

Limit of quantification (ng mL-1) 10.47 6.21 4.81 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6.3 Relationship between the concentrations v/s response obtained for selected drugs (1 to 10 µg mL
-1

) 

y = 1E+06x + 500899
R² = 0.9875

0

2000000

4000000

6000000

8000000

10000000

12000000

14000000

0 2 4 6 8 10 12

Pseudoephedrine

y = 454093x - 33469
R² = 0.9988

-500000

0

500000

1000000

1500000

2000000

2500000

3000000

3500000

4000000

4500000

5000000

0 2 4 6 8 10 12

Paracetamol

y = 2E+06x + 1E+06
R² = 0.9851

0

5000000

10000000

15000000

20000000

25000000

0 2 4 6 8 10 12

Chloropheniramine

y = 4E+07x - 6E+06
R² = 0.9985

-50000000

0

50000000

100000000

150000000

200000000

250000000

300000000

350000000

400000000

450000000

500000000

0 2 4 6 8 10 12

Loratadine



Chapter-four: Results & Discussion  Part -VI 

94 

4.6.4 Limit of detection and limit of quantification 

Standard calibration was used to construct the calibration curve to calculate LOD and LOQ, 

which can be expressed as 3.3 and 10 times the ratio of the standard error of intercept and 

slope of the curve respectively. Limit of detection and quantification for the PSE, PAR and LOR 

were determined to be 3.14, 1.86 and 1.44 ng mL-1 and 10.47, 6.21 and 4.81 ng mL-1, 

respectively (Table 4.6.2).  

4.6.5 Within-laboratory determinations 

Within-laboratory determinations were analyzed by intraday and interday precision analysis. 

Intraday and interday precision analysis were performed at three different concentrations of 

0.625, 1.25 and 2.5 μg mL-1 for PSE, PAR and LOR standards for five times a day and five 

consecutive days. The precision of all drugs were evaluated for accuracy (%) with C.V(%) 

response in both intraday and interday reproducibility determinations. The accuracy (%) of PSE, 

PAR and LOR for intraday precision data analysis were determined to be in the range of 89.6 to 

101.64% with CV (%) in the range of 0.8 to 3.54. The accuracy(%) of PSE, PAR and LOR for 

interday precision data analysis were determined to be in the range of 88.8 to 99.8 with CV (%) 

in the range of 1.21 to 5.25. The precision for PSE, PAR and LOR for both interday and intraday 

reproducibility determinations were found to be <6% which showed capability of method for 

routine analysis (Table 4.6.1).  

4.6.6 Clinical and pharmaceutical applications  

Plasma samples of five healthy volunteers were analyzed by spiking with mixed standard 

solutions using the current study. The applications in plasma samples were carried out in 

duplicate. Blank and spiked plasma samples were analyzed. Extraction recovery (%) PSE, PAR 

and LOR in spiked plasma samples were determined to be 97.78, 88.13 and 101.56% 

respectively (Figure 4.6.4). 

Pharmaceutical tablet samples were prepared as above mentioned procedure and then were 

analyzed using the currently developed method. The results showed a good agreement of 

percent recovery and label claim for PSE, PAR and LOR from the manufacturer, which was 

determined to be 98.45%, 99.97% and 99.60% with the CV(%) of 0.02, 0.01 and 0.4 respectively 

(Table 4.6.3). 

 



Chapter-four: Results & Discussion  Part -VI 

95 

Table 4.6.3 Assay values of PSE, PAR and LOR from Pharmaceutical Tablets (n=3) 

 

Component Taken (mg) Determined (mg) CV (%) 
Mean 

(%) 

PSE 

7.5 7.52 ± 0.01 0.13 100.27 

30 30.03 ± 0.02 0.07 100.10 

60 59.07 ± 0.01 0.02 98.45 

 

PAR 

4 4.01 ± 0.02 0.50 100.25 

40 40.06 ± 0.03 0.07 100.15 

400 399.88 ± 0.02 0.01 99.97 

 

LOR 

1.25 1.26 ± 0.01 0.79 100.80 

2.5 2.49 ± 0.03 1.20 99.60 

5 5.01 ± 0.02 0.40 100.20 
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Figure 4.6.4 LC-MS/MS chromatogram of human blank plasma (a) and spiked plasma sample (containing PSE, IS and PAR 0.5 µg 
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Chapter 5: Conclusion 
 
The objectives of the present work were to explore the applications of monolithic column in 

HPLC-UV and LC-MS for separation and quantification of pharmaceutical components from 

six different families of drugs; steroids, antihyperglycemics, fat soluble vitamins, 

antihistamines, decongestants and NSAIDs. HPLC and LC-MS/MS using monolithic column 

provided a high level of accuracy, selectivity and sensitivity for pharmaceutical and 

biological samples. Two sample cleanup procedures (solid-phase extraction and protein 

precipitation) were adopted to purify the target analytes in biological samples. The 

extraction procedures selected for all studies were low cost and high throughput. 

All developed methods were characterized for system suitability and system validation 

parameters and the developed assay protocols provided good sensitivity and specificity for 

their determination in pharmaceutical and biological samples. 

 

Key findings: 

� Monolithic column can be used as an alternate to other particulate columns as it 

offers same the efficiency.  

� Efficiency and resolution using monolithic column at high flow rates is no longer 

compromised with column length.  

� Monolithic column was successfully used with LC-MS/MS at high flow rates (up to 2 

mL min-1). The advantage of low back pressure even at higher flow rates reduces the 

maintaining cost of equipment in terms of pump seals/valves, capillary of ESI probe 

and also increases sample throughput in routine analysis.  

� Monolithic column can be utilized for various multi-component determinations in 

pharmaceutical and biological samples in short run time. 

� Pharmaceutical samples can be directly analyzed without prior purification whereas 

clinical samples require a sample cleanup procedure before analysis. 
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