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Preface 

The first edition of Chromatographic Analysis of Pharmaceuticals was 
published in 1990. The past years have allowed me to evaluate leads that I 
uncovered during the researching of the first edition, such as the first pub­
lished example of the application of chromatography to pharmaceutical 
analysis of medicinal plants. This and other examples are found in a rela­
tively rare book, Uber Kapillaranalyse und ihre Anwendung in Pharmazeu-
tichen Laboratorium (Leipzig, 1992), by H. Platz. Capillary analysis, the 
chromatographic technique used, was developed by Friedlieb Runge in the 
mid-1850s and was later refined by Friedrich Goppelsroeder. The principle 
of the analysis was that substances were absorbed on filter paper directly 
from the solutions in which they were dissolved; they then migrated to 
different points on the filter paper. Capillary analysis differed from paper 
chromatography in that no developing solvent was used. We find that, 
from these humble beginnings 150 years ago, the direct descendant of this 
technique, paper chromatography, is still widely used in evaluating radio­
pharmaceuticals. 

This second edition updates and expands on coverage of the topics in 
the first edition. It should appeal to chemists and biochemists in pharma­
ceutics and biotechnology responsible for analysis of pharmaceuticals. As 
m the first edition, this book focuses on analysis of bulk and formulated 
drug products, and not on analysis of drugs in biological fluids. 

in 



IV Preface 

The overall organization of the first edition — a series of chapters on 
regulatory considerations, sample treatment (manual/robotic), and chro­
matographic methods (TLC, GC, HPLC), followed by an applications sec­
tion—has been maintained. To provide a more coherent structure to this 
edition, the robotics and sample treatment chapters have been consolidated, 
as have the chapters on gas chromatography and headspace analysis. This 
edition includes two new chapters, on capillary electrophoresis, and super­
critical fluid chromatography. These new chapters discuss the hardware 
behind the technique, followed by their respective approaches to methods 
development along with numerous examples. All the chapters have been 
updated with relevant information on proteinaceous pharmaceuticals. The 
applications chapter has been updated to include chromatographic methods 
from the Chinese Pharmacopoeia and updates from U.S. Pharmacopeia 23 
and from the British and European Pharmacopoeias. Methods developed 
by instrument and column manufacturers are also included in an extensive 
table, as are up-to-date references from the chromatographic literature. 

The suggestions of reviewers of the first edition have been incorpo­
rated into this edition whenever possible. This work could not have been 
completed in a timely manner without the cooperation of the contributors, 
to whom I am very grateful. 

John A. Adamovics 
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Regulatory Considerations 
for the Chromatographer 

JOHN A. ADAMOVICS Cytogen Corporation, Princeton, 
New Jersey 

I. INTRODUCTION 

Analysis of pharmaceutical preparations by a chromatographic method can 
be traced back to at least the 1920s [1]. By 1955, descending and ascending 
paper chromatography had been described in the United States Pharmaco­
peia (USP) for the identification of drug products [2]. Subsequent editions 
introduced gas chromatographic and high-performance liquid chromato­
graphic methods. At present, chromatographic methods have clearly be­
come the analytical methods of choice, with over 800 cited. 

The following section describes challenges presented to scientists in­
volved in the analysis of drug candidates and final products, including the 
current state of validating a chromatographic method. 

И. IMPURITIES 

In the search for new drug candidates, scientists use molecular modeling 
techniques to identify potentially new structural moieties and screen natural 
sources or large families of synthetically related compounds, along with 
modifying exisiting compounds. Once a potentially new drug has been iden-

1 



2 Adamovics 

tified and is being scaled up from the bench to pilot plant manufacturing 
quantities, each batch is analyzed for identity, purity, potency, and safety. 
From these data, specifications are established along with a reference stan­
dard against which all future batches will be compared to ensure batch-to-
batch uniformity. 

A good specification is one that provides for material balance. The 
sum of the assay results plus the limits tests should account for 100% of the 
drug within the limits of accuracy and precision for the tests. Limits should 
be set no higher than the level which can be justified by safety data and no 
lower than the level achievable by the manufacturing process and analytical 
variation. Acceptable limits are often set for individual impurities and for 
the total amount of drug-related impurities. Limits should be established 
for by-products of the synthesis arising from side reactions, impurities in 
starting materials, isomerization, enantiomeric impurities, degradation prod­
ucts, residual solvents, and inorganic impurities. Drugs derived from bio-
technological processes must also be tested for the components with which 
the drug has come in contact, such as the culture media proteins (albumin, 
transferrin, and insulin) and other additives such as testosterone. This is in 
addition to all the various viral and other adventitious agents whose absence 
must be demonstrated [3]. 

A 0.1% threshold for identification and isolation of impurities from 
all new molecular entities is under consideration by the International Con­
ference on Harmonization as an international regulatory standard [4,5]. 
However, where there is evidence to suggest the presence or formation of 
toxic impurities, identification should be attempted. An example of this is 
the 1500 reports of Eosinophilia-Mylagia Syndrome and more than 30 
deaths associated with one impurity present in L-tryptophan which were 
present at the 0.0089% level [6]. 

The process of qualifying an individual impurity or a given impurity 
profile at a specified level(s) is summarized in Table 1.1. Safety studies can 
be conducted on the drug containing the impurity or on the isolated impu­
rity. Several decision trees have been proposed describing threshold levels 

Table 1.1 Criteria That Can Be Used for Impurity Qualification 

Impurities already present during preclinical studies and clinical trials 

Structurally identical metabolites present in animal and/or human studies 

Scientific literature 

Evaluation for the need for safety studies of a "decision tree" 
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for qualification and for the safety studies that should be performed [4]. 
For example, a 0.1% threshold would apply when the daily dose exceeds 10 
mg, and a 0.5% threshold at a daily dose of less than 0.1 mg. Alternatively, 
when daily doses exceed 1000 mg per day, levels below 0.1% would not 
have to be qualified, and for daily doses less than 1000 mg, no impurities 
need to be qualified unless their intake exceeds 1 mg. 

The USP [7] provides extensive discussion on impurities in sections 
1086 (Impurities in Offical Articles), 466 (Ordinary Impurities), and 467 
(Organic Volative Impurities). A total impurity level of 2.0% has been 
adopted as a general limit for bulk pharmaceuticals [5]. There have been 
no levels established for the presence of enantiomers in a drug substance/ 
product. This is primarily because the enantiomers may have similiar phar­
macological and toxicological profiles, enantiomers may rapidly intercon-
vert in vitro and/or in vivo, one enantiomer is shown to be pharmacologi­
cally inactive, synthesis or isloation of the perferred enantiomer is not 
practical, and individual enantiomers exhibit different pharmacologic pro­
files and the racemate produces a superior therapeutic effect relative to 
either enantiomer alone [8,9]. 

For biotechnologically derived products the acceptable levels of for­
eign proteins should be based on the sensitivity/selectivity of the test 
method, the dose to be given to a patient, the frequency of administration 
of the drug, the source, and the potential immunogenicity of protein con­
taminants [10]. Levels of specific foreign proteins range from 4 ppm to 
1000 ppm. 

The third category of drugs are phytotherapeutical preparations; 80% 
of the world population use exclusively plants for the treatment of illnesses 
[11]. Chromatography is relied on to guarantee preparations contain thera­
peutically effective doses of active drug and maintain constant batch com­
position. A quantitative determination of active principles is performed 
when possible, using pure reference standards. In many phytotherapeutic 
preparations, the active constituents are not known, so marker substances 
or typical constituents of the extract are used for the quantitative determi­
nation [11]. The Applications chapter of this book (Chapter 8) contains 
numerous references to the use of chromatographic methods in the control 
of plant extracts. 

Ш. STABILITY 

The International Conference on Harmonization (ICH) has developed 
guidelines for stability testing of new drug substances and products [12-
14]. The guideline outlines the core stability data package required for 
Registration Applications. 
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A. Batch Selection 

For both the drug substance (bulk drug) and drug product (dosage form) 
stability information from accelerated and long-term testing should be pro­
vided on at least three batches with a minimum of 12 months' duration at 
the time of submission. 

The batches of drug substance must be manufactured to a minimum 
of pilot scale which follows the same synthetic route and method of manu­
facturer that is to be used on a manufacturing scale. For the drug product, 
two of the three batches should be at least pilot scale. The third may be 
smaller. As with the drug substance batches, the processes should mimic the 
intended drug product manufacturing procedure and quality specifications. 

B. Storage Conditions 

The stability storage conditions developed by the ICH are based on the four 
geographic regions of the world defined by climatic zones I ("temperate") 
and II ("subtropical"). Zones III and IV are areas with hot/dry and hot/ 
humid climates, respectively. The stability storage conditions as listed in 
Table 1.2 are arrived at by running average temperatures through an Arr-
henius equation and factoring in humidity and packaging. 

Long-term testing for both drug substance and product will normally 
be every 3 months, over the first year, every 6 months over the second year, 
and then annually. A significant change in stability for drug substance is 
when the substance no longer meets specifications. For the drug product, a 
significant change is when there is a 5% change in potency, exceeded pH 
limits, dissolution failure, or physical attribute failure. If there are signifi­
cant changes for all three storage temperatures, the drug substance/product 
should be labeled "store below 250C." For instances where there are no 
significant changes label storage as 15-300C. There should be a direct link 
between the label statement and the stability characteristics. The use of 
terms such as ambient or room temperature are unacceptable [12-14]. 

Table 1.2 Filing Stability Requirements at Time of Submission 

• 12 months long-term data (25°C/60% RH) 

• 6 months accelerated data (40°C/75% RH) 

• If significant change, 6 months accelerated data (30°C/60% RH) 
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C. Biologies 

Degradation pathways for proteins can be separated into two distinct 
classes; chemical and physical. Chemical instability is any process which 
involves modification of the protein by bond formation or cleavage. Physi­
cal instability refers to changes in the protein structure through denatur-
ation, adsorption to surfaces, aggregation, and precipitation [15]. 

Stability studies to support a requested shelf life and storage condition 
must be run under real-time, real-temperature conditions [16,17]. The pre­
diction of shelf life by using stability studies obtained under stress condi­
tions and Arrhenius plots is not meaningful unless it has been demonstrated 
that the chemical reaction accounting for the degradation process follows 
first-order reaction. 

IV. METHODVALIDATION 

The ultimate objective of the method validation process is to produce the 
best analytical results possible. To obtain such results, all of the variables 
of the method should be considered, including sampling procedure, sample 
preparation steps, type of chromatographic sorbent, mobile phase, and 
detection. The extent of the validation rigor depends on the purpose of 
the method. The primary focus of this section will be the validation of 
chromatographic methods. 

The four most common types of analytical procedures are identifica­
tion tests, including quantitative measurements for impurities, content, 
limit tests for the control of impurities, and quantitative measure of the 
active component or other selected components in the drug substance [18]. 
Table 1.3 describes the performance characteristics that should be evaluated 
for the common types of analytical procedures [18]. 

A. Specificity 

The specificity of an analytical method is its ability to measure accurately 
an analyte in the presence of interferences that are known to be present in 
the product: synthetic precursors, excipients, enantiomers, and known (or 
likely) degradants that may be present. For separation techniques, this 
means that there is resolution of > 1.5 between the analyte of interest and 
the interferents. 

The means of satisfying the criteria of specificity differs for each type 
of analytical procedure: For identification, in the development phases, it 
would be proof of structure, whereas in quality control, it is comparison to 
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a reference substance [17]; for a purity test, to ensure that all analytical 
procedures allow an accurate statement of the content of impurities of an 
analyte [18,19]; for assay measurements, to ensure that the signal measured 
comes only from the substance being analyzed [18,19]. 

One practical approach to testing the specificity of an analytical 
method is to compare the test results of samples containing impurities ver­
sus those not containing impurities. The bias of the test is the difference in 
results between the two types of samples [20]. The assumption to this 
approach is that all the interferents are known and available to the analyst 
for the spiking studies. 

A more universal approach to demonstrating specificity of chromato­
graphic methods has been outlined [21]. For peak responses in high-
performance liquid chromatography (HPLC), gas chromatography (GC), 
capillary electrophoresis (CE), or supercritical fluid chromatography (SFC) 
or the spots (bands) in TLC or gel electrophoresis, the primary task is to 
demonstrate that they represent a single component. The peak homogeneity 
of HPLC and GC as well CE and SFC responses can be shown by using a 
mass spectrometer as a specific detector. The constancy of the mass spec­
trum of the eluting peak with time is a demonstration of homogeneity, 
albeit not easily quantified [22]. 

Multiple ultraviolet (UV) wavelength detection has become a popular 
approach to evaluating chromatographic peak homogeneity. In the simplest 
form, the ratio between two preselected wavelengths is measured, and for a 
homogenous peak, the ratio remains constant. A ratio plot of pure com­
pounds appears as a square wave, whereas an impurity distorts the square 
(Fig. 1.1). This technique is most useful when the spectral properties of the 
overlapping compounds are sufficiently different and total chromatographic 
overlap does not occur [23]. The ability to detect peak overlap can be 
enhanced by stressing (heat, light, pH, and humidity) the analyte of interest 
and evaluating the wavelength ratios. A degradation of 10-15% is consid­
ered adequate. The utility of this approach has been demonstrated for 
pipercuronium bromide [23]. Potentially, additional information about 
peak purity can be obtained by recording UV-vis data at the upslope, apex, 

PURE IMPURE 
COMPOUND SAMPLE 

-TL Ги 
Figure 1Д Ratio plots. 
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and downslope of a chromatographic response using photodiode array de­
tection [24-27]. An example of this approach has been published for a 
method used in assaying an analgesic [28]. 

Peak purity can be assessed with a higher degree of certainty only by 
additional analysis using a significantly different chromatographic mode. 
The collected sample should also be analyzed by techniques that can be 
sensitive to minor structural differences such as nuclear magnetic resonance 
(NMR) spectroscopy [29-31]. 

B. Linearity 

The evaluation of linearity can be best described as the characterization of 
the test method response curve. A plot of the test method response against 
analyte concentration is often expected to be linear over a specified range 
of concentrations. Some assays generate nonlinear curves. 

The function of the standard curve is to allow the prediction of a 
sample concentration interpolated from the standard data. This predictive 
feature does not require linearity of the assay response curve, but only 
that it be a reasonable description of the correlation between response and 
concentration. Attempting, a rigorous fit of a calculated curve fitting to the 
standard data may defeat the function because such rigorous curve fitting 
may emphasize the difference between the sample and the standard assay 
responses. 

The test method response curve is characterized by comparing the 
goodness of fit of calculated concentrations with the actual concentrations 
of the standards. For a linear response, this value would be the correlation 
coefficient derived from a linear regression using least squares. Nonlinear 
response curves require curve fitting calculations with the corresponding 
goodness-of-fit determinations [32]. Plotting the test results graphically as 
a function of analyte concentration on appropriate graph paper may be an 
acceptable alternative to the regression line calculation. 

Experimentally, linearity is determined by a series of injections of 
standards at six different concentrations that span 50-150% of the expected 
working range assay [20]. The AOAC recommends 25-200% of the nomi­
nal range of analyte [33] using standards and spiked placebo samples [34]. 
Response linearity for known impurities at 0.05-5.0% of the target analyte 
should also be evaluated [28]. A linear regression equation applied to the 
results should have an intercept not significantly different from zero; if it 
does, it should be demonstrated that there is no effect on the accuracy of 
the method [20]. 

The range of an analytical method is the interval between the upper 
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and lower level of analyte in the sample, for which it has been demonstrated 
that the method has a suitable level of precision, accuracy, and linearity. 

C. Limit of Measurement 

There are two categories within the level of measurement, the first is the 
limit of detection (LOD). This is the point at which a measured value is 
larger than the uncertainty associated with it; for example, the amount of 
sample exhibiting a response three times the baseline noise [34]. The limit 
of detection is commonly used to substantiate that an analyte concentration 
is above or below a certain level, in other words, a limit test [30,35]. 

The second category is referred to as the limit of quantitation. This 
limit is the lowest concentration of analyte in a sample that can be deter­
mined with acceptable precision and accuracy; for example, the lowest 
amount of analyte for which duplicate injections resulted in a relative stan­
dard deviation (RSD) of <2% [34]. Limit of quantitation is commonly 
used for impurity and degradant assays of drug substances and products 
[35]. 

The limit of measurement for an analyte is not a unique constant 
because of day-to-day variation in detector response. Extensive discussions 
of these limits have been published [36,37]. 

D. Precision (Random Error) 

The precision of a test method expresses the closeness of agreement among 
a series of measurements obtained from multiple sampling of the same 
homogenous sample. The concept of precision is measured by standard 
deviations. It can be subdivided into either two or three categories. The 
European Community (EC) [19] divides precision into repeatability and 
reproducibility. Repeatability expresses precision under conditions where 
there is the same analyst, the same equipment, a short interval of time, and 
identical reagents. This is also termed intra-assay precision. Reproducibility 
expresses the precision when the laboratories differ, when there are reagents 
from different sources, different analysts, tested on different days, equip­
ment from different manufacturers, and so on. The Food and Drug Admin­
istration (FDA) [18] uses a three-category definition of precision. The same 
definition is used by the EC and FDA for repeatability. The FDA differs 
from EC by the term "intermediate precision" (see Table 1.3) which is 
determined within laboratory variation: different days, different analysts, 
different equipment, and so forth. Reproducibility expresses the precision 
between laboratories (collaborative studies). Several organizations differ in 
their approaches to collaborative studies: the United States Pharmacopeia 
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uses procedures validated by pubic comment and ruggedness testing rather 
than a collaborative study process [38], whereas the International Union of 
Pure and Applied Chemistry's and AOAC Offical Methods of Analysis 
have developed harmonized procedures for collaborative studies [39]. 

The reproducibility standard deviation is typically two to three times 
as large as that for repeatability. Precision decreases with a decrease in 
concentration. This dependence has been expressed as RSD = 2(1"°-5explogC), 
where RSD is expressed as a percentage and C is the concentration of the 
analyte [38]. For the concentration ranges typically found in pharmaceuti­
cal dosage forms (1-10"3), the RSD under conditions of repeatability 
should be less than 1.0%, and less than 2.0% under conditions of reproduc­
ibility [21]. These are similiar to the 1.5 0Zo recommendation made for RSD 
of system repeatability after analyzing a standard solution six times [35]. 
For method repeatability, which includes sample pretreatment, six replicate 
assays are made with a representative sample. A RSD no greater than 2% 
should be obtained. 

E. Accuracy 

Accuracy is the closeness of agreement between what is accepted as a true 
value (house standard, international standard) and the value found (mean 
value) after several replicates. This also provides an indication of systematic 
error. 

Two of the most common methods of determining accuracy are by 
comparing the proposed test procedure to a second test procedure whose 
accuracy is known and the recovery of drug above and below the range of 
use. Average recovery of the drug should be 98-102% of the theoretical 
value. Recoveries can be determined by either external or internal standard 
methods. 

Quantification by external standard is the most straightforward ap­
proach because the peak response of the reference standard is compared to 
the peak response of the sample. The standard solution concentration 
should be close to that expected in the sample solution. Peak responses are 
measured as either peak height or area [41]. 

For the internal standard method, a substance is added at the earliest 
possible point in the analytical scheme. This compensates for sample losses 
during extraction, cleanup, and final chromatographic analysis. There are 
two variations in the use of the internal standard technique. One involves 
the determination of response factors which are the ratios of the analyte 
peak response to the internal standard peak response. The second is re­
ferred to as response ratios which are calculated by dividing the weight of 
the analyte by the corresponding peak response. 

An internal standard must be completely resolved from all other peak 
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responses except where mass discrimination or isotopically labeled samples 
are used as the internal standard. The internal standard should elute near 
the solute to be quantified. The detector response should be similiar in area 
or height to the analyte of interest. The internal standard should be similiar 
in terms of chemical and physical properties to the analyte being measured. 
Substances that are commonly used as internal standards include analogs, 
homologs, isomers, enantiomers, and isotopically labeled analogs of the 
analyte. The internal standard should not be present or be a potential 
degradant of the sample. Finally, the internal standard should be present in 
reasonably high purity. 

Internal standards are often used in dissolution testing of oral dosage 
forms [42]. Internal standards should be avoided in stability-indicating 
assays due to the possible coelution with unknown degradation products. 

F. Ruggedness (Robustness) 

The ruggedness of an analytical method is the absence of undue adverse 
influence on its reliability of performance by minor changes in the labora­
tory environment [43]. This validation parameter is not recognized by all 
organizations with testing oversight, as this characteristic is implied by 
collaborative validation programs (see Section IV.D). 

The difference in chromatographic performance between columns of 
the same designation (i.e., C,g) is the most common source of chromato­
graphic variability. To check the column-to-column ruggedness, the specif-
icty (selectivity) of at least three columns from three different batches sup­
plied by one column manufacturer should be checked [44]. A similarly 
designated column from another manufacturer should also be evaluated. 
Table 1.4 lists the specifications recommended to define a liquid chromato­
graphic column [45,46]. Testing procedures have also evolved for the evalu­
ation of gas chromatographic capillary columns [47]. Variability is also 
caused by the degradation of the chromatographic column. 

Besides the sorbent stability, consideration should also be given to the 
stability of the sample solution. The widespread use of automatic sample 
injectors makes it necessary to determine the length of time that a sample is 
stable. 

V. SYSTEM SUITABILITY TESTING 

After a method has been validated, an overall system suitability test should 
be routinely run to determine if the operating system is performing 
properly. 

An acceptable approach is to prepare a solution containing the analyte 
and a suitable test compound. If the method being used is to control the 
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Table 1.4 HPLC Column Specifications 

Column packing 
Brand name 
Chemical composition 
Particle shape 
Particle size (mean size, size distribution) 
Pore diameter (mean distribution) 
Surface area 
Maximum pressure limit 
Operating range (temperature and pH) 
Bonded phase type 
Surface coverage 
Elemental analysis 
Procedure for preparing bonded phase 
Residual hydroxy groups 

Column 
Dimensions 
Type of end fitting (frit pore size) 
Selectivity 
Column efficiency 
Peak asymmetry 
Column permeability 
Reproducibility of column selectivity between columns 
Maximum operating pressure 

level of impurities, the minimum resolution between the active component 
and the most difficult to resolve impurity should be given. The chromato­
graphic system should demonstrate acceptable resolution of the test solu­
tion and system precision. According to the USP, a system can be consid­
ered suitable if it meets the requirements for both precision and one of the 
tests listed in Table 1.5. A review reflecting this approach has been pub­
lished [48], as have more elaborate approaches [23]. 

A. System Resolution 

There are several formulas available for calculating resolution factors. The 
formula recommended in USP 23 for GC and HPLC is as follows: 

= 2(t2 - t.) 
W2 + W1 
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Table 1.5 System Suitability Tests 

Resolution 
Precision 
Peak asymmetry factor 
Column efficiency 
Capacity factor 

where t2 and t, are the retention times of the two components and W2 and 
W1 are the corresponding widths at the peak base. The width is obtained by 
extrapolating the relatively straight sides of the peaks to the baseline. 

Some computer data systems have based their resolution calculations 
on the peak width at half the distance from the apex to the base of the peak 
[49]. Peak widths have also been measured at the point of inflection. 

For TLC or planar electrophoresis, resolution can be calculated by 

W1 4- W2V/2 

where the distance between zone centers (d) is divided by the averages of 
the widths (W) of the zones [50]. 

Representative resolution values are tabulated in Table 1.6. Resolu­
tion values are typically greater than 1.5 and are generally expressed as a 
range of values. 

B. Determination of System Precision 

After a standard solution is injected a number of times, the relative stan­
dard deviation of the peak responses is measured as either the peak height 
or peak area. When using an internal standard method, the response ratio 
is calculated. Maximum allowable system related standard deviations made 
at the 99% confidence level have been tabulated [44]. For the USP mono­
graphs, unless otherwise stated, five replicate chromatograms are used if 
the stated limit for relative standard deviation is 2% or less. Six replicate 
chromatograms are used if the stated relative standard deviation is more 
than 2.0%. The current USP emphasis is to perform all the replicate injec­
tions prior to sample assay and during testing whenever there is a significant 
change in equipment, or a critical reagent, or when a malfunction is sus­
pected. 

Performing all the standard injections prior to sample assay has been 
controversial [51]. The main point of contention is that the analyst does 
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Table 1.6 Representative System Suitability Values from USP 23 

Cefazolin 

Ceftizoxime 

Chlorthalidone 

Dactinomycin 
for injection 

Dipivefrin 

Ergoloid 

Fentanyl 
injection 

Insulin 

Lidocaine 

Oxycodone 
tablets 

Oxycodone/ 
acetaminophen 
tablets 

Vancomycin 

Resolution 

4.0 

4.0 

1.5 

— 

— 

2.5 
1.35 
1.0 

-

-

3.0 

-

2.4 

3.0 

Precision 

2.0 

2.0 

2.0 

1.0 
3.0 

2.0 

1.5 

2.0 

1.5 

1.5 

2.0 

2.0 

-

Asymmetry 
factor 

1.5 

2.0 

2.0 

2 

1.2 

2.5 

2.0 

2.5 

— 

2.0 

— 

— 

Theoretical 
plates 

1500 

2000 

— 

1200 

500 

950 

-

— 

-

— 

1500 

not have overall control of the chromatographic system from beginning to 
end. The recommendation is to periodically inject duplicate standard solu­
tions which should agree to within 0.5% of their values [51]. For planar 
techniques such as TLC or gel electrophoresis, this is a moot point because 
standards can be run alongside the samples in adjacent lanes. For example, 
when determining the the molecular homogeneity of proteins using SDS-
PAGE gel electrophoresis, the two outer lanes contain molecular-weight 
standards that bracket the expected masses with the reference standards of 
the protein of interest in the next inner lanes followed by the sample tracks 
in the inside lanes. 
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C. Asymmetry Factor (Tailing Factor) 

If the peak to be quantified is asymmetric, a calculation of the asymmetry 
would also be useful in controlling or characterizing the chromatographic 
system [52]. Peak asymmetry arises from a number of factors. The increase 
in the peak asymmetry is responsible for a decrease in chromatographic 
resolution, detection limits, and precision. Measurement of peaks on sol­
vent tails should be avoided. 

The peak asymmetry factor (tailing factor) can be calculated by sev­
eral different methods. By the USP, 

-p _ "0 .05 

2f 

where W0 05 is the width of the peak at 54¾ peak height and f is distance at 
5% height from the leading edge of the peak to the distance of the peak 
maximum as measured at the 5% height. The system suitability test for 
antibiotics and antibiotic drugs recommends measurement at 10% of the 
peak height from the baseline [53]. Representative values from the USP are 
presented in Table 1.6. Values vary from 1 to 3. For a symmetrical peak, 
the factor is unity which increases as tailing becomes more pronounced. 
A variety of alternative models have been proposed to more accurately 
characterize peak tailing [54]. 

D. Column Efficiency 

The resolution factor is considered to be a more discriminating measure 
of system suitability than column efficiency [44]. Yet, column efficiency 
determinations are required for the assay of antibiotics and antibiotic-
containing drugs [53]. The reduced plate height (hr) for the column is 
determined by first calculating the number of theoretical plates per column: 

or N = I 6 ( ^ ) 2 

where t is the retention time of the analyte and Wh/2 is the peak width at 
half-height or W is the width at the base of the peak. 

The height equivalent to one theoretical plate is calculated by 

h = t 
n 

where L is the length of the column. Finally, the reduced plate height is 
determined by 

N = 5.545 
W, h/-> 
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where dp is the average diameter of particles in the column. 
The reduced plate has the advantage of being independent of column 

length and particle diameter. The resulting number can also be compared to 
the theoretical limiting value of 2. 

The calculation of column theoretical plates by the width at half-peak 
height is insensitive to peak asymmetry. This is because the influence of 
tailing usually occurs below that measurement location. The consequence 
will be an overestimate of the theoretical plates for non-Gaussian peaks. 
Nine different calculation methods for efficiency have been compared for 
their sensitivity to peak asymmetry [54]. Besides being influenced by the 
calculation method, column efficiency is sensitive to temperature, packing 
type, and linear velocity of the mobile phase. 

E. Column Capacity 
The column capacity factor is calculated by 

к = tr ~ tm 
tm 

where the retention time of the solute is tr and the retention time of solvent 
or unretained substance is tm. The corresponding retention volume or dis­
tance can also be used, as they are directly proportional to retention time. 
Retention volumes are sometimes preferred, because tr varies with flow 
rate. The factor is then calculated by 

V - V 
V = r m 

v m 
where Vr is the retention volume of the solute and V1n is the elution volume 
of an unretained substance. There is no universally accepted method for the 
accurate measurement of the volume of an unretained substance. Numer­
ous methods have been proposed [54]. 

For TLC, 

Rf 

where Rf is the distance traveled by the analyte to that of the mobile phase 
[50]. 

The factors which influence the reproducibility of retention in HPLC 
have been studied [55]. The conclusion is that the relative method of re-
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cording retention (e.g., relative capacity factors of retention indices) is 
more robust for reliable interlaboratory comparisons than the use of capac­
ity factors. 

VI. PRODUCTTESTING 

Product testing is one of the most important functions in pharmaceutical 
production and control. A significant portion of the CGMP regulations (21 
CFR 211) pertains to the quality control and drug product testing. 

Out-of-specification laboratory results have been given additional em­
phasis by the FDA, particularly after the Ban v. FDA court case [55]. 
An out-of-specification result falls into three catogories: laboratory error, 
non-process-related or operator error, and process-related or manufactur­
ing process error. Retesting of the same sample is appropriate when the 
analyst error can documented. An outlier test on some chemical assays, 
particularity those involving extensive sample preparation and manipula­
tion, is justifiable but is not a routine approach to rejecting results [56]. 

VII. CONCLUSION 

There are numerous variables to consider in developing an accurate and 
rugged chromatorgaphic method. The extent depends on the purpose of the 
test: that is, stability-indicating assays are the most demanding, whereas 
identification tests are the least demanding. 

From the six validation variables listed, specificity, accuracy of dos­
age form assay, and ruggedness are the most crucial. In the initial stage of 
developing a chromatographic method, the primary goal is to measure an 
analyte in the presence of interferences. The second step is to demonstrate 
that the analyte can be accurately measured. The ruggedness and accuracy 
of a method can be improved with the development of treatment steps that 
require minimal manual manipulation and use of column packings that do 
not vary from lot to lot [57]. 

The efforts at harmonization of the requirements among Europe, the 
United States, and Japan for methods validation, stability testing, and 
indentification of impurities are welcomed by all pharmaceutical analysts. 
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Sample Pretreatment 

JOHN A. ADAMOVICS Cytogen Corporation, Princeton, 
New Jersey 

I. INTRODUCTION 

In most instances, formulated drugs cannot be chromatographically ana­
lyzed without some preliminary sample preparation. This process can gen­
erally be categorized into sampling and sample cleanup steps with the over­
all goal of obtaining a representative subfraction of the batch. This chapter 
is a discussion of manual and automated sample preparation procedures 
for pharmaceutical formulations. 

II. SAMPLING 

A. General 

Samples submitted to a pharmaceutical laboratory for testing must be rep­
resentative of the production lot or another bulk unit from which it was 
taken. This criterion helps to avoid a risk of obtaining out-of-specification 
results for a lot within specifications and vice versa. The Food and Drug 
Administration (FDA) requires that a description of a sampling plan be 
submitted to assure that the sample of the drug product obtained is repre­
sentative of the batch [1]. The plan should include both the sampling of 
Production batches and the selection of subsamples for analytical testing. 

23 



24 Adamovics 

The plan is only applicable to batches of one particular size, so procedures 
for scale-up or scale-down of this sampling plan to other batch sizes must 
be provided. If samples are to be pooled, a justification must be given. 
Additional guidelines have been developed for determining whether a pro­
duction lot is wellmixed or segregrated and for the estimation of the sample 
size and number [2]. 

B. Vegetable Drugs (Crude Drugs) 

The United States Pharmacopeia (USP) requires that for homogenous 
batches of vegetable drugs, all the containers of the batch be sampled if 
there are 1-10 containers, 11 if there are 11-19, and for more than 19, n(# 
samples containers to be samples) = 10 + [N(# containers batch)/10] [3, 
p. 1754]. When the batch cannot be considered homogenous, it is divided 
into subbatches that are as homogenous as possible, then each one is sam­
pled as a homogenous batch. Samples should be taken from the upper, 
middle, and lower sections of each container. If the crude material consists 
of component parts which are 1 cm or less in any dimension, and in the case 
of all powdered or ground materials, the sample is withdrawn by means of 
a sampling device that removes a core from the top to the bottom of the 
container. For materials > 1 cm, sample by hand. For large bales, samples 
should be taken from a depth of 10 cm. 

In the Chinese Pharmacopoeia [4], 5 packages are sampled if the total 
is < 100, 5% if the total ranges from 100 to 1000, and for > 1000 packages, 
1% of the part in excess of 1000 are sampled. If there is sufficient sample, 
the quantity obtained should be 100-500 g for common drugs, 25 g for 
powdered, 5-10 g for precious drugs. 

C. Sampling of Dosage Units 

Parenterals 

Generally speaking, parenteral dosage forms are homogenous or can be 
demonstrated to be so while validating the manufacturing process. For 
relatively small lots such as 3000 doses, generally two dosage units are 
analyzed in duplicate for each of the testing parameters and samples are set 
aside for reserve and stability. 

Tablets and Similar Dosage Forms 

The blending of a formulation containing an active ingredient with the 
excipients is often carried out in lot sizes which will produce thousands of 
tablets or similiar dosage forms. When the proportion of the active ingredi-
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ent to the total mass is small, as would occur with potent drugs, it may be 
difficult to obtain a uniformly distributed mixture. Dosage forms of digi-
toxin and thinyl estradiol tablets are documented instances of heterogenous 
blends [5-7]. 

With these considerations in mind, these types of solid dosage forms 
can be sampled either by assaying multiple individual units or a composite 
sample of those individual units. Individual unit sampling should occur 
when the range of values in the separate units is large and/or when it is 
necessary to establish the variability of the units. Compositing is used when 
homogeneity is not a significant problem or when the unit variability is not 
important. 

A number of organizations have devised procedures for tablet sam­
pling. The Pharmacopeia of Japan [8] requires that the content of the 
active ingredient in each of 10 tablets be assayed. The assay result from 
each tablet should not deviate from the average content by more than 15%. 
If one tablet shows a deviation exceeding 15% but not 25%, the contents 
of 20 additional tablets should be assayed. From the average of these 30 
determination, not more than 1 tablet should be between 15% and 25% 
and none should exceed 25%. The content uniformity requirements of USP 
(905) calls for assaying 10 units individually and assaying a composite speci­
men. The results of the two procedures are each expressed as one average 
dosage unit and the difference between these two numbers is evaluated. 
This approach is applicable to tablets, capsules, suppositories, transdermal 
systems, suspensions, and inhalers. 

Numerous reports have noted the apparently large differences be­
tween the average composited assay value and the average assay value for 
the individual tablets [9]. One possible explanation for this observation is 
that during the ginding or blending of a composite sample segregation of 
the tablet components has occurred. The result of this is a nonrandomized 
mixture. The forces and mechanisms that come into play during particle 
segregation have been discussed [9] and the procedures to minimize them 
are discussed later in this chapter [10,11]. 

Other Dosage Forms 

Upon standing, liquid dosage forms such as gels, lotions, and suspensions 
are likely to become nonhomogenous. Prior to sampling, formulations of 
these types must be homogenously mixed. For a suspension or syrup, with­
drawing an accurate aliquot is difficult. For inhalation products, the total 
contents of a dosage unit are assayed. For transdermal preparations, the 
uniformity can be determined by punching out known surface areas of the 
membrane. USP (905) has content uniformity requirements for the above 
dosage forms. 
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III. SAMPLE PREPARATION TECHNIQUES 
A. Direct Analysis 
Liquid dosage forms often can be directly asayed or simply diluted with 
water or mobile phase prior to testing. Benzethonium chloride tincture, 
prilocaine hydrochloride [3, pp. 173 and 1287], and numerous biological 
products such as OncoScint CR/OV (a monoclonal antibody DTPA conju­
gate) are examples. 

Volatile impurities in bulk solvents or solvents in dosage forms such 
as ethanol and methanol are directly analyzed by gas chromatographic 
methods. These methods are discussed in Chapter 4. 

B. Liquid-Solid Extraction 
A frequently encountered procedure is the extraction of a substance from a 
solid dosage form, such as in the analysis of tablets. This can be a relatively 
simple procedure involving the selection of a solvent or solvent combination 
which ideally provides good solubility of the substance of analytical interest 
and minimal solubility of components that interfere with the chromato­
graphic analysis. Over the last several years there has been increased interest 
in extracting analytes using supercritical fluids such as carbon dioxide [12-
17]. The primary limitation of this approach has been the limited solubility 
of most polar drugs such as antibiotics in supercritical fluids. Sulfamethox­
azole and trimethoprim have been extracted with supercritical carbon diox­
ide from a drug formulation [18]. The ultility of supercritical chromatogra­
phy is discussed in Chapter 7. 

For the majority of procedures, the first step requires either the grind­
ing or milling of the solid matrix into a fine powder followed by solvent 
extraction, and filtration or cenrifugation to eliminate particulates. 

One problem that has been encountered in grinding tablets is the 
physical separation of the analyte of interest in the matrix. This phenome­
non helps explain discrepancies that occur between the average of the indi­
vidual tablet assay values prepared by direct dissolution and those of the 
corresponding tablet composites. Table 2.1 outlines various advantages and 
disadvantages of sample preparation procedures for overcoming segrega­
tion of tablet components [9-11]. 

The efficient extraction of analytes adsorbed or absorbed as in creams, 
ointments, and other semisolid formulations are difficult to achieve. For 
adsorbed analytes, displacement from the adsorption sites by a small 
amount of acid, base, or buffer is effective. For semisolid formulations, 
solvent extraction is generally performed at elevated temperatures so as to 
melt the solid and increase the extraction efficiency. 
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Particulates from the sample matrix that are carried over during the 
sample preparation should be removed prior to analysis by either high-
performance liquid chromatography (HPLC) or gas chromatography 
(GC). This is especially true for particles less than 2 /mi in size. These 
particulates will pass through the frits on a liquid chromatographic column 
and settle on top of the sorbent which will eventually cause an increase in 
the back pressure of the chromatographic system and susequently decrease 
the column performance. 

One efficient removal procedure is to use а 0.45-цт filter. There are 
basically two types of filters: depth and screen. Depth filters are randomly 
oriented fibers that will retain particles throughout the matrix rather than 
just on the surface. They have a higher load capacity than screen filters. 
Due to the random nature of the matrix, they have no definite upper-limit 
cutoff particle size retained. Their porosity is identified as a "nominal pore" 
size to indicate this variable. 

The most common depth filter of 0.45 цт nominal porosity is glass 
microfiber. These filters are compatible with organic and aqueous solutions 
between pH ranges of 3-10. 

Screen filters are polymeric membranes that have uniform distribu­
tion of pore sizes. They are relatively thin so that there is a minimal amount 
of liquid retention. Screen filters clog more rapidly than depth filters. Table 
2.2 lists the common screen filter materials and their solvent compatabili-
ties. 

In developing a method that requires filtration, adsorption of the 
analyte onto the filter must be taken into account. For dilute solutions of 
adriamycin, >95% is adsorbed to cellulose ester membranes and about 
40% to polytetrafluoroethylene membranes [19]. For more concentrated 
solutions, as would be encountered in bulk formulation testing, filter ad-
Table 2.2 Commonly Available Screen Materials 
Membrane material Solvent compatibility 

Teflon Organic solvents or aqueous/organic mixtures 
Resistant to strong acids and bases 
Organic and aqueous compatible pH range of 3-10 

PVDF Aqueous and organic/aqueous mixtures 
Resistant to strong acids and bases 
Low protein binding 

Cellulose esters Aqueous 
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sorption is not as important a concern. Nevertheless, the common practice 
is to discard the first several milliliters of the filtrate. For protein-based 
products there is significant nonspecific binding to nylon-based micropo-
rous membranes and minimal binding to hydrophilic polyvinylidene fluo­
ride membranes [20]. 

C. Liquid-Liquid Extraction 
In the simplest form, an aliquot of an aqueous solution is shaken with an 
equal volume of an immiscible organic solvent. This is an useful approach 
when the analyte of interest partitions itself in one layer and the interfering 
matrix partitions into the second layer. Because this rarely occurs, several 
physical and chemical factors can be changed to alter the partitioning. One 
approach is to add sodium chloride to the aqueous solvent to produce a 
saturated solution. 

In aqueous solution, organic acids and bases exist in equilibrium mix­
tures in their neutral and ionic forms. Because the neutral and ionic forms 
will not have the same partition coefficient, the amount extracted depends 
on the acid-base equilibrium. For an efficient extraction, the analyte should 
be at least 950Zo in the extracable form. This would usually mean either as 
its free acid or free base. Figure 2.1 is a nomogram relating pK values to 
percentage of ionization at various pH values [21]. In most cases, pH 
adjustment of the sample to pH = pK — 2 for acidic compounds or pH 
= pK + 2 for basic compounds is sufficient. 

Generally, a single extraction is not sufficient for drugs where the 
chromatographic interferences are numerous and the concentration of the 
analyte in the sample is low. One approach to this type of situation is to 
back extract the drug analyte from the organic phase into an aqueous phase 
of opposite pH [22]. A scheme of a back extraction for a basic drug is 
shown in Figure 2.2. For example, chlorpheniramine, has a pKa value of 
9.1, which means that it is protonated in acidic solutions, and extract into 
aqueous solutions. In alkaline aqueous solutions, chlorpheniramine is ex-
tractable into an aqueous immiscible slovent. Reextraction into dilute acid 
would further purify the chlorpheniramine extract from coextracted neutral 
excipients. 

Even though conventional extraction has been useful in testing of 
dosage forms, there are drawbacks. The primary difficulty is with the low 
extraction efficiencies that are common for highly ionic or amphoteric com­
pounds. A review of 37 literature references that used conventional extrac­
tion techniques for analytes of drug products quoted recoveries of lower 
than 80% in 7 of the references reviewed [23]. 

An additional liquid extraction technique used to increase extraction 
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Figure 2.1 Nomogram relating pK values of acids to percentage ionization 
at various solutions pH values. (Reprinted from Ref. 17 with permission.) 

efficiency and selectivity is ion-pair extraction. Ion-pair extraction was first 
used to extract strychnine from a syrup formulation [23]. This technique is 
based on the formation of an association complex between the ionic species 
and the countenon of opposite charge. Ion pairs formed between relative­
ly large organic anions and cations often have solubility in low-polarity 
organic solvents. A primary requirement is that the counterion must be 
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Figure 2.2 Scheme for the back-extraction procedure of a basic drug. 

chosen so that the pH range of the drug and counterion overlap. General­
ly, there is a trade-off between extraction efficiency and selectivity [23]. 
The various parameters that affect ion-pair extraction have been reviewed 
[24]. 

The development of a standarized analysis strategy using ion-pair 
extraction from basic drugs have been reported [23]. This approach has 
been used to assay basic drugs in syrups, ointments, emulsions, and suppos­
itories. Ion-pair formation with tri-rt-octylamine extracted colorants from 
syrups, oral suspension, tablets, gelatin capsules, suppositories, and gran­
u l e s ^ ] . 

A major problem in liquid-liquid extraction for sample preparation is 
emulsion formation which leads to lower recoveries. Emulsions occur 
readily when solvents of similiar densities are mixed and when extraction 
solutions are highly basic. 

The separatory funnel is the classical liquid-liquid apparatus used to 
segregate immiscible phases. The pear-shaped funnel developed by E. R. 
Squibb in the 1880s is still the most commonly used by chemists. Other 
separatory funnel designs which have higher overall efficiency have been 
designed but have not become popular. 

"• Open-Column Chromatography 
Open-column chromatographic methods are no longer widely used in quan­
tifying drug poducts. Yet, a number of methods in the USP 23 [3] describe 
the use of open-column methods for sample pretreatment. Columns packed 



32 Adamovics 

with silicates or alumnia are the most widely cited and are used to clean up 
amcinonide cream [3, p. 74], dexamethasone gel [3, p. 469], and lindane 
cream [3, p. 892]. Cumbersome and time-consuming, open-column proce­
dures are being displaced by commerically available disposable cartridges 
containing a variety of sorbents and selectivities. 

E. Column Liquid-Solid Extraction 

General Considerations 

Disposable columns or cartridges filled with a sorbent are being used for 
sample cleanup and is referred to as solid-phase extraction (SPE).The pack­
ing material used in these cartridges are similiar to the material found in 
HPLC columns but has larger particle sizes. Analytichem International 
(now Varian Sample Preparation Products) introduced their Chem-Elut 
cartridges in the mid-1970s using diatomaceous earth as packing material. 
Throughout the 1980s, SPE cartridges packed with a variety of materials 
exhibiting a wide range of chemistries were formulated and marketed. 
In the early 1990s, cartridges containing rigid glass-fiber disks embedded 
with silica were introduced. These disks have reduced bed volumes which 
require substantially smaller solvent volumes (Ansys, Inc., Irvine Califor­
nia) [26-30]. 

Procedure 

There are two strategies for sample cleanup using this approach. The first 
is to select a sample solvent that allows substances of interest to be totally 
retained on the extraction column sorbent while eluting substances that 
would interfere with the chromatographic assay. The analytes of interest 
are then eluted with a small volume of a solvent that will displace the 
analytes from the sorbent. This strategy is useful when the analyte of inter­
est is present in a low concentration. The alternative approach is to retain 
the matrix interferences while eluting the desired analyte. 

The first step in using SPE is to condition the sorbent with an appro­
priate solvent. This prewetting increases the capacity of the bonded surfaces 
by opening up the hydrocarbon chain of the bonded-phase sorbents [31]. 
For nonploar sorbents, such as C,8, and for the ion exchangers, one column 
volume of methanol followed by one column volume of distilled water is 
required. Excessive washing with water will reduce analyte recovery [32]. 
Polar sorbents such as diol, cyano, amino, and silica should be rinsed with 
one column volume of a nonpolar solvent such as methylene chloride. 
Aternate cleanup methods may have to be developed if the analyte is sensi* 
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tive to lead, zinc, and copper, as silica-based sorbents are known to contain 
these contaminants [33]. 

Cartridge loadability and solvent flow rate effects must also be con­
sidered when developing cartridge-based sample preparation methods. The 
quantity of sorbent in the cartridge is obviously related to the loadability as 
the analyte's capacity factor k. The larger the k, the greater the analyte 
mass loading. Overloading the cartridge will cause the analyte to "break 
through" with an earlier retention volume. The column capacity of an ana­
lyte is also reduced by the presence of competing analytes. 

Linear velocity of the solvent through the cartridge will affect the 
recovery and bandwidth of the analyte. For example, a flow velocity of 0.3 
ml/min gave a narrow band for riboflavin and a recovery of 100%. At the 
excessive velocity of 27 ml/min, decreased recoveries and band broadening 
were observed [34]. 

Methods Development 

As in analytical liquid chromatography (LC), analyte retention depends 
on sample concentration, solvent strength, and sorbent characteristics. An 
empirical approach to methods development initially involves screening the 
available sorbents. The first step is to determine which sorbents best retain 
the analyte. The second consideration is to evaluate the solvents needed to 
elute the compound and the compatibility of those sorbents to the chro­
matographic testing procedure. The third step is to test the blank sample 
matrix to evaluate the presence of possible interferents. Finally, recoveries 
of known quantities of analyte added to the sample matrix must be deter­
mined. 

Increased solvent polarity is required to elute retained compounds 
from silica sorbents while decreasing solvent polarity for C18 sorbents. Un­
der these conditions, most polar analytes elute last from the silica and first 
from the C18 sorbents. Methanol has been demonstrated to be superior to 
acetonitrile during the SPE of basic drugs such as pentacaine, propranolol, 
and stobadin [26], whereas a second of basic drugs indicated that there was 
not a significant difference [30]. 

Numerous examples of the ulitity and selectivity of these sorbents are 
given below. Table 2.3 lists nine steroids that were tested for their retentive-
ness on five different sorbents [31]. The steroid standards at 1 mg/ml were 
dissolved in methanol-water for the evaluation of a C18 sorbent. For all the 
other sorbents, the steroids were dissolved in methylene chloride. At the 
Polarity extremes for these steroids, cholesterol (the least polar) is retained 
°nly on C18, whereas hydrocortisone (most polar) is retained on all five of 
the sorbents tested. 
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Table 2.3 Retentiveness of Nine Steroids on Various Sorbents 

Steroid C18 CN Silica Diol NH2 

Cholesterol 

Cholesterol palmitate 

Cortisone 

Deoxycorticosterone 

Estradiol 

Hydrocortisone 

Hydrocortisone 
acetate 

Prednisone 

Progesterone 

'+ = retained. 
b - = unretained. 
Source: Adapted from Ref. 30. 

As another example, desonide and parabens in cream and ointment 
formulations were cleaned up by SPE by first testing mixtures of hexane-
chloroform with silica, diol, and aminopropyl sorbents [36]. The solvent 
combination of 20% chloroform in hexane was found to be the optimum 
for dissolving the ointment base and yielding high recoveries of the ana-
lytes. The silica and aminopropyl sorbents were found to give nearly identi­
cal quantitative results, whereas the diol sorbent gave lower recoveries. 
Table 2.4 outlines the solvent considerations needed to elute retained com­
pounds on silica and C18 sorbents. 

The selectivity of C18 sorbents has been demonstrated by the separa­
tion of a mixture of eight FD&C colorants [37]. Cartridges packed with C18 

were washed with increasing concentrations of isopropanol in a water-
isopropanol eluent. This procedure is a viable alternative to the conven­
tional time-consuming methodology of two chromatographic columns used 
for the separation and identification of colorants in drugs [37]. Additional 
examples of published sample preparative procedures using SPE are cited 
in Table 2.5. 

A general strategy for relatively polar analytes has been developed 
[38]. In this approach, the cyanopropyl-silica-bonded phase remains the 

+ + + - -
+ + + - -

+ + + + + 

+ + + - -
+ - + 
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Table 2.4 Separation Guidelines Using C18 and Silica Solid Phases 

Sorbent Silica C ] 8 

Packing polarity 

Typical solvent 
polarity range 

Typical sample 
solvent 

Elution solvent 

Sample elution order 

Solvent required to 
elute retained com­
pounds 

High 

Low to medium 

Hexane, toluene, 
CH2Cl2 

Ethyl acetate, ace­
tone, CH3CN 

Least polar sample 
components first 

Increased solvent po­
larity 

Low 

High to medium 

H2O, buffers 

H2CVCH3OH, 
H20/CH3CN 

Most polar sample 
components first 

Decreased solvent po­
larity 

Source: Adapted from Water Chromatography Division Literature. 

preferred and first choice sorbent. For unretained small polar drugs, the C18 

sorbent is the first alternative, using water as the wash solvent and either 
methanol (for acids) or methanol-phosphate buffer pH 3 (for bases). If 
enough retention is not shown on either of the above and if the drug has 
ionizable functions, the use of an ion-exchanging solid phase is recom­
mended. 

F- Applications—Sample Treatment 

Bulk Drug 

A solvent or combination of solvents must be chosen so that the analyte is 
soluble and compatible with chromatographic procedures. The solvents 
most commonly used to solubilize bulk drugs are acetone, acetonitrile, 
chloroform, ethanol, methanol, and water. Besides the USP, two other 
sources contain useful solubility data on pharmaceuticals [42,43]. 

Tablets and Other Solids 

Solids for oral use are the most common dosage form. The preparation step 
generally consists of grinding or milling of the tablets. During this step, 
active ingredients can undergo physical separation from other tablet com-



Table 2.5 Column Liquid-Solid Extraction of Pharmaceutical Formulations 

Sample Sorbent Procedure 
Chromatographic 

method Reference 

Amino acids from aqueous 
solutions 

Bacitracin ointment 

Benzalkonium chloride 
from eye wash solutions 

Carbohydrates from aque­
ous solutions 
xylose, fructose, glucose, 
sucrose, and lactose 

SCX Condition sorbent with hexane, 
methanol and water. Adjust 
sample pH to 7 and wash sor­
bent with water, elute with 0.1 
TV hydrochloric acid. 

Diol Heat and shake ointment with 
methylene chloride. Add sus­
pension to sorbent. Dry col­
umn, elute with 0.1 /V hydro-
choloric acid. 

CN Wash sorbent with acetonitrile 
and water. After adding sam­
ple, wash with 1.5 N hydro­
chloric acid. Air dry the sor­
bent, elute with methanol—1.5 
7Vacid(8:2). 

CN Condition sorbent with acetoni­
trile dilute sample with acetoni­
trile. Dilution is critical. Wash 
column with acetonitrile and 
elute with water. 

Analytical col­
umn— C8, mo­
bile phase — 
phosphate 
buffer acetoni­
trile 

Analytical col­
umn—CN, mo­
bile phase—ace­
tonitrile - 0 . \M 
sodium acetate 
(3 :2) 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide 

Chlortetracycline ointment 

Desonide, methyl, propyl, 
butyl hydroxybenzoate 
cream and ointment 

Estradiol valerate and tes­
tosterone enanthate from 

Diol Heat and shake with hexane. 
Add suspension to sorbent and 
wash with hexane. Dry sor­
bent, elute with 0.17V hydro­
chloric acid-methanol (1 : 1). 

Silica or NH2 Sample dissolved in hexanechlor-
oform (8:2) . Add to sorbent 
and wash with hexane. Elute 
with methanol. 

Silica gel Oil dissolved with carbon tetra­
chloride. Add to sorbent, elute 

HPLC, C8, 0.05M 
phosphate 
buffer-aceto-
nitrile 

HPLC, C18, metha-
nol-water (3 : 2) 

HPLC, C8, aceto-
nitrile-water (7 : 

J.T. Baker, SPE 
Applications 
Guide 

36 

39 



Table 2.5 (Continued) 

Oo 
Sample Sorbent Procedure 

Chromatographic 
method Reference 

Methylparaben syrup and Kieselguhr 
ointment 

Parabens from lotions and 
other cream-based for­
mulations 

Sulfa in topical cream Cl8 

Vitamin A and vitamin E, 
fat-soluble vitamins 

Cl8 

Vitamin B12 in multivitamin SAX & 
tablets phenyl 

Add 0.01M hydrochloric acid to 
sample, add to sorbent. Elute 
with diethyl ether or ethanol. 

Agitate sample with methanol, 
centrifuge. Dilute supernatant 
with water. Condition the col­
umn with methanol than wa­
ter, add sample. Elute with 
methanol. 

Dissolve with tetrahydrofuran. 
Dilute with 0.01M ammonium 
phosphate to precipitate lipid 
components. Add sample to 
conditioned sorbent, elute. 

Add 1 % acetic acid to round tab­
let, heat to 55 0C for 2 min. 
Add isopropanol, add sample 
to sorbent that had been 
washed with l°7o acetic acid. 
Wash sorbent with isopropa-
nol-1% acetic acid (55 : 45) 
followed by methanol-water 
(8 : 2). Air dry the sorbent, 
elute with 

ко 
methylene сЫошЬ 
> enhance stability 

Extract powder in low actinic 
flask with aqueous solution 
containing phosphate buffer-
citric acid and metabisulfite. 
Condition sorbent with metha­
nol, water, and extraction sol­
vent. Fit SAX column on top 
of phenyl column. After apply­
ing sample, wash with extrac­
tion solvent. After removing 
the SAX column, phenyl col­
umn is washed with water, air 

GC or TLC 

HPLC, C18, aceto-
nitrile-water 
(45 : 55) 

HPLC, C ig, ammo­
nium phos-
phate-methanol 
(4:1) 

C8, acetonitrile-
methanol-water 
(47 : 47 : 6) 

41 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide & Ap­
plied Separa­
tions 

J.T. Baker, SPE 
Applications 
Guide 
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ponents. This phenomenon has led to poor reproducibility when duplicate 
assays from tablet composites were assayed [9-11]. Various alternative 
methods have been suggested; these include direct dissolution of a represen­
tative number of individual tablets in a suitable solvent, the sieving and 
regrinding of the ground tablets, the grinding of a composite with a suitable 
organic solvent and the evaporation of the solvent, and the dissolution of 
the composite tablet sample in a solvent. For enterically coated tablets, 
manual grinding with a mortar and pestle can lead to erratic results which 
are overcome by repeated resieving and regrinding of the particles to a 
uniformly sized powder. Alternatively, removing the tablet coating with an 
organic solvent prior to manual grinding facilitates more uniform grinding 
of the tablets. Direct dissolution in a suitable solvent usually produces the 
most accurate and precise analytical results. 

As an example, ethinyl estradiol tablets are powdered and triturated 
with four 20-ml portions of chloroform, decanted, filtered, and analyzed 
by TLC [3, p. 639]. Numerous other examples can be found in the latter 
half of this book. 

Injectables 

Injectables are the next most common dosage form. A common preparation 
is to dilute an aliquot with mobile phase as is the case for the USP proce­
dures for dexamethasone [3, p. 475]. Another common approach is to 
dilute with methanol, as is done for the assay of diazepam [3, p. 491 ]. 

Sample preparation procedures for GC are generially more involved. 
For example, for methadone hydrochloride, 0.5N sodium hydroxide is 
added to give the free base, followed by extraction with methylene chloride. 
An internal standard is added after the extract is dried with anhydrous 
sodium sulfate [3, p. 970]. The assay of interleukin-la formulated with 
human serum albumin does not require any sample treatment prior to anal­
ysis by capillary electrophoresis [44]. 

Creams and Ointments 

Sample preparation for complex formulations, such as creams, can fre­
quently be as simple as dissolving the cream in the totally organic mobile 
phase such as the ones typically used in normal-phase chromatography. 
Organic solutions of flurometholone [3, p. 677] and hydrocortisone acetate 
[3, p. 758] creams were assayed by HPLC and hydroquinone cream by TLC 
[3, p. 769]. A similiar approach has been applied to sample preparation of 
ointments. 

A fairly common, yet labor-intensive, procedure is to heat the cream 
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or ointment with methanol or acetonitrile until it melts, ~60°C. The melt 
is vigorously shaken, in some cases, with cooling in an ice-methanol bath, 
until it solidifies. Procedures requiring the partitioning of an ointment be­
tween a hydrocarbonlike solvent (hexanes) and polar solvent (methanol-wa-
ter) have also been developed. For the GC assay of clioquinol cream, a por­
tion of the cream is dried in a vacuum oven, and the dried sample is then 
derivatized [3, p. 349]. Several other examples are presented in Table 2.6. 

Table 2.6 Sample Preparations Procedures for Several Representative 
Creams and Ointments 

Drug Procedure Reference 

Clobetasone-17-
butyrate 

Clotrimazole 

Hydrocortisone 17-
butyrate 

Ibuprofen 

Methyl salicylate 

Tretinoin 

Weigh out ointment (equivalent to 0.5 45 
mg) in 10-ml volumetric flask. Add 
6 ml methanol, place in water bath 
(~ 600C) for 2 min, shake, add in­
ternal standard, dilute with meth­
anol 

Extract cream with acetonitrile/tetra- 46 
hydrofuran 

5 g cream warmed in water bath at 47 
75 0C for 15 min; 1-ml sample of the 
melted cream transferred into a 
10-cm test tube; 5 ml methanol 
added, warmed (75 0C) for 10 min, 
vortexed, centrifuged 

Ointment was weighed into a 50-ml 48 
volumetric flask and suspended in 
tetrahydrofuran/0.02M phosphate 
buffer (pH 4), filtered 

Disperse ointment in 10 ml chloro- 49 
form, heat to 500C, cooled, filtered 

Cream weighed (1 mg drug), 20 ml tet- 3 (p. 191) 
rahydrofuran (stabilized), shaken, 5 
ml aliquot further diluted THF 
aqueous phosphoric acid, filtered 



42 Adamovics 

Aerosols 

Aerosols used for inhalation therapy are generally packaged in containers 
with metered values. The standard procedure is to discharge the entire 
contents of the container for assay. For betamethasone dipropionate and 
betamethasone valerate topical aerosols, the contents are discharged into a 
volumetric flask and the propellants carefully boiled off. Precautions 
should be taken, as many of these propellants are flammable. The residue 
is diluted to volume with isopropanol-acetic acid (1000: 1) and filtered 
[50]. Another approach is to discharge the contents into ethanol or dilute 
acid. An alternative is to immerse the canister in liquid nitrogen for 20 min, 
open the canister, evaporate the liquid contents, and dissolve the residue in 
dichloromethane. A unit spray sampling apparatus for pressurized metered 
inhalers has been described [51]. The components in an aerosol product 
that can be the cause of assay variance have been studied [52]. A method to 
quantify the volatile components of aerosol products has been developed 
[53]. 

Elixirs and Syrups 

The majority of procedures simply require dilution with water or water-
miscible solvents such as methanol [3, p. 515]. Several of the procedures 
require pH adjustment, followed by extraction with an organic solvent [3, 
pp. 778, 1202, 1339, 1595, 1579]. 

Gels 

Various procedures have been used for sample treatment of gels. Gels can 
be dissolved in 0.001N hydrochloric acid [3, p. 564] or dispersed with 
acetonitrile [3, p. 179]. Gels are also partitioned between solutions of vari­
ous buffers and chloroform [3, p. 466]. 

Lotions 

Sample treatment procedures are similiar to those cited for creams and 
ointments [3, pp. 466, 686, 758]. Acetone and a mixture of chloroform and 
methanol (1 : 2) [3, p. 196] have been used to dilute lotions prior to assay. 
For assuring batch-to-batch uniformity a diffusion-cell system has been 
developed [54]. 

Phytotherapeutical Preparations 

Medicinal plants are used as either isolated pure active constituents or com­
plex mixtures of various constituents such as infusions, tinctures, extracts, 
and galenical preparations. The most common methods are partitioning 
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among nonmiscible solvents, SPE, irreversible adsorption or precipitation 
of undesirable components, and acid-base extraction [55-57]. 

Suspensions 

Suspensions are either diluted [3, pp. 739, 781, 1343] or partitioned be­
tween water and an immiscible solvent [3, pp. 631, 686, 942]. 

Other Formulations 

Suppositories are dissolved in a separatory funnel with 0.01N hydrochloric 
acid and chloroform. After the suppository has dissolved, the chloroform 
layer is discarded and the aqueous layer is chromatographically assayed. 
Three devices have been compared as useful in vitro models for measuring 
drug release from a suppository [58]. 

An intrauterine contraceptive device is assayed for impurities by cut­
ting off and discarding the sealed ends of the container and removing the 
contraceptive coil. After shaking the core with methanol and allowing the 
insoluble portion to settle, the extract is assayed by TLC. 

The assay of transdermal preparations of scopolamine involve remov­
ing the polyester backing and extracting with chloroform at 600C for 30 
min [59]. Of the variety of different techniques evaluated for extracting 
triamcinolone acetonide in dermatological patches, liquid-liquid dispersion 
gave the best recovery and precision [60]. 

A generalized procedure using a method based on a reversed-phase 
column and three simple extraction procedures has been evaluated for 111 
drugs and their various dosage forms [61]. 

G. Automation 

When considering automating the sample preparation steps and interfacing 
with chromatographic systems, laboratory robotics has been the method of 
choice. A laboratory robotics system has a robotic arm and controller, a 
computer linked to a controller or connected directly to the robotic arm, 
and application peripherals for performing specific functions in the applica­
tion process. 

Over the past 10 years, several robotic systems and workstations have 
become available for laboratory automation development. The major dif­
ference between a robotic system and workstation is customization. Ro­
botic systems are designed and engineered around a specific application, 
usually demanding a unique set of requirements. Table 2.7 lists robots that 
are commercially available. 

The robotic workstation is designed to perform a set of common tasks 
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relative to standard or prescribed procedures. Because the workstation has 
defined functions and a rigid design, it is manufactured in a assembly-line 
fashion, decreasing both size and cost. Laboratory workstations evolved 
around developments in robotics and microprocessor technology and a de­
mand for bench-top automation. To meet a growing need, several worksta­
tions were developed in response to a need for SPE automation. Their 
architecture ranges from a robotic arm and controller integration to the 
dedicated accessories of an analytical instrument. Table 2.8 lists several 
workstations and their relative capabilities. (Tables 2.6 and 2.7 are not 
intended to be complete listings of all products or their capabilities.) 

The Zymark and Gilson ASPEC workstations process solid-phase 
extraction samples sequentially without the intervention of a human ana­
lyst. These workstations are programmed to activate extraction cartridges 
with solvent to prepare them to receive a specimen. After the sample appli­
cation, cartridges are washed to remove impurities. The analytes of interest 
are then eluted into collection tubes or injected onto a liquid chromato-
graph for sequential analysis. 

The Speed Wiz is designed to operate more like a laboratory techni­
cian. Multiple cartridges are activated by pumping activation solvents sim­
ultaneously to each solid-phase cartridge. The sample is applied to the 
cartridge manually. After the operator changes the collection tubes, the 
wash and elute steps are similiar to the activation step. 

The Prospekt extraction system is somewhat different from the previ­
ous solid-phase extraction workstations. It combines a high-performance 
liquid chromatographic autosampler with a high-pressure solid-phase car­
tridge unit to perform in-line solid-phase extraction sample preparation. 
Although the addition of a simple fraction collector would permit this 
system to be used in a manner similiar to the robotic workstations just 
described, it is primarily designed to prepare samples for direct analysis by 
HPLC. The Prospekt requires special cartridges that operate at pressures 
typical of HPLC systems (1000-4000 psi). This system requires smaller 
volumes of solvent for cartridge preparation and elution than those systems 
utilizing cartridges manufactured in syringe bodies. It also permits elution 
of analytes by backflushing the cartridge. This reduces solvent required for 
elution and minimizes the simultaneous elution of interfering compounds. 
Dedicated SPE workstations have been described [62]. 

Applications - Tablets 

The various applications of the analysis of tablets for dissolution testing, 
content uniformity, stability-indicating assays, and routine quality control 
assays have all been targets of automation using a robot system. 



Table 2.8 Workstations and Capabilities 

Workstation 

ASPEC XL 

ASTED 

BenchMate 

Millilab 

Manufacturer 

Gilson Medical Elec­
tronics, Box 27, 
Middletown, WI 

Gilson Medical Elec­
tronics, Box 27, 
Middletown, WI 

Zyamark Corp., Hop-
kinton, MA 

Millipore Corp. Wa­
ters Chrom. Div., 
34 Maple St., Mil-
ford, MA 

Available 
laboratory 
functions 

SPE, HPLC injection 

Dialysis, SPE, con­
centration 

SPE, dilution, filtra­
tion, vortex, HPLC 
injection, UV visi­
ble sip 

SPE, dilution, filtra­
tion, HPLC injec­
tion, mixing 

Method of 
control/ 

programming 

PC or front 
panel/basic 

PC or front 
panel/basic 

Indirect/direct 
PC/menu 
based 

Indirect/direct 
PC/menu 
based 

Process 
method 

Serial or 
batch 

Serial 

Serial 

Serial or 
batch 

Comments 

Standard SPE 
columns 

Proprietary SPE 
columns only 

Built-in analyti­
cal balance 

Discontinued 

Micro Lab 

HP 7686 Prep-
Station 

Speed Wiz 

Prospekt 

Hamilton, Box 10030, 
Reno, NV 

Hewlett-Packard 

Applied Separations, 
Box 20032 Lehigh 
Valley, PA 

Spark Holland 

SPE, dilution, filtra­
tion, HPLC injec­
tion mixing 

SPE, dilution, 
tion, HPLC 
tion, mixing 

SPE 

SPE 

filtra-
injec-

Indirect/direct 
PC/menu 
based 

Direct PC/ 
menu based 

Indirect/direct 
PC/menu 
based 

Indirect/direct 
PC/menu 
based 

Serial or 
batch 

Serial 

Batch 

Serial 

Dedicated acces 
sory for HP 
GC/LC 

Marketed by 
Jones Chro­
matography 
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The automation of the HPLC determination of tablet content unifor­
mity has been applied to the analysis of a variety of tablets and is used 
routinely for quality control purposes. The routine used is fairly typical of 
that described by other workers, in that the operator presents the samples 
to the robotic system in tubes. The system then continues the analysis as 
follows: 

1. Water is added, and the sample tube is placed into either a vortex mixer 
or sonic bath to disperse the tablet. 

2. Internal standard solution is added. 
3. The sample is further treated in the vortex mixer. 
4. The sample is transferred to the centrifuge. 
5. After centrifugation, the sample is returned to the sample rack. 
6. The sample is transferred from the centrifuge tube to an autosampler 

vial, being diluted where necessary. 

Two early examples of this approach have been published [63,64]. 
A slightly more complex HPLC analysis of oral contraceptive tablets , 

for content uniformity has been described [65]. The analysis was automated 
because it represented a high proportion of the laboratory workload, it 
was relatively routine, and it would reduce contact with steroids, therefore 
minimizing health risks. The last point was emphasized by placing the ro­
botic system in a room separate from the main laboratory, with the control­
ler outside the room. This is significantly different from the approach fol- i 
lowed by many users of laboratory robotics, who often place the system in 
a main laboratory area. The robotic system performs the following steps, 
after the operator places the tablets into tubes in racks located on the robot 
table: 

1. Aqueous sodium chloride is added. 
2. Chloroform containing internal standard is added. 
3. The tablet is disrupted on a vortex mixer. 
4. A portion of the organic layer is transferred into a second tube. 
5. The second tube is transferred to the evaporator station, where the 

chloroform is evaporated. 
6. The samples are reconstituted with methanol-water. 
7. The samples are transferred to autosampler vials via a filter. 

An approach similar to that above has been used to analyze composite 
samples consisting of from 5 to 32 tablets. In this case, the tablets were 
disintegrated by a Polytron tissue homogenizer. 

However, the need for composite sample analyses should perhaps be 
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Questioned when assay automation is being considered. Composite samples 
are often used to obtain analytical data on batches of tablets (instead of 
analyzing several single tablets) because of the time (and consequently cost) 
savings involved. However, by automating the assay procedures and opera­
ting the equipment overnight, it may be possible (and desirable) to perform 
a larger number of single-tablet assays rather than analyzing fewer compos­
ite samples. This illustrates a fundamental point of assay automation using 
robotics — it is not necessarily the direct automation of a manual approach 
that will provide the best answer to a given problem. The manual approach 
itself, and the reasons for its existence, should perhaps be questioned prior 
to automation of a procedure. 

An automated HPLC tablet content uniformity assay for a multipo-
tency range of tablets (the active constituent not identified being at 0.1, 0.2, 
or 0.3 mg/tablet) has been described [66]. In this application, a further 
degree of communication was introduced between the robotic and HPLC 
systems, with the robot being able to alter its actions, dependent on the 
result of the HPLC analysis. 

A generalized six-step procedure for the preparation of tablets for 
chromatography, incorporating most of the features of the methods dis­
cussed above, could be described as follows: 

1. The operator presents tablets in a container, usually a bottle or tube, to 
the system which then commences the procedure sample by sample. 

2. Details of the sample (e.g., analyte and potency) and the procedure 
to be followed are entered into the system either by the operator, or 
automatically from bar-coded labels on the tablet containers. 

3. The container cap (if present) is removed from the container, and if a 
tablet weight is required, the tablet is transferred to a preweighed sec­
ond tube. This second tube can then be reweighed with the tablet to 
obtain the sample weight, and hence a mean tablet weight can be de­
rived through the run. If a tablet weight is not required, Step 3 could 
be omitted. 

4. A measured amount of liquid is added to the sample, which is dispersed 
by vortex mixing and/or ultrasonication. An internal standard may be 
included at this stage if required. 

5- The sample is clarified by centrifugation or filtration. 
«• The clear sample solution is injected onto a chromatograph or trans­

ferred to vials for subsequent analysis, either manually or via an auto­
sampler. 

Dissolution testing for solid dosage forms generates numerous sam­
ples that can be automated using the Zymate Dissolution Testing System. 

his system automates the vessel cleaning, sample addition, media addi-




