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According to the regulatory definition (l), a stability-indicating method  is  one of a 
number of 

~uantitative analytical methods that  are based  on the characteristic structural, 
chemical, or biological properties of each active ingredient of a  drug product and  that 
will  distinguish.  each active ingredient  from its degradation  products so that  the active 
ingredient  content  can  be  accurately  measured. 

Therefore a stability-indicating method  is an analytical procedure that is capable of 
discriminating between the major active (intact) pharmaceutical ingredient (API) 
from  any degradation (decomposition) product(s) formed  under  defined storage con- 
ditions during the stability evaluation period. In addition, it must also be  sufficiently 
sensitive to detect and quantify one or more degradation products. A corollary may 
be added that the analytical method  must be also capable of  sep 
any other potential interfering peals  such as an internal standard 
then, the discriminating “nature” of the method indicates the method to be 
stability-indic~ting as well as s t ~ b i l i t y - s ~ e c l ~ c .  Later in the discussion we  will 
see that other methods  may be  stability-specific but not stability-indicating. Stressed 
testing may  be  used  (1,2) to expedite e decomposition  pathway@) to generate 
decomposition product(s) for the AFI.  wever, stressed testing under forced con- 
ditions of oxidation, photolysis, hydro1 , and varying pH values  may form some 
decomposition products that  are unlikely to be  formed  under accelerated or 
long-term stability storage conditions. The products generated nonetheless may 
be  useful  in  developing and validating a suitable stability-indicating analytical 
method for the analysis of the drug substance and the drug product, expediting 
the availability of the completed analytical method. 

It is paramount  that  the chosen analytical method  used for stability evaluation 
be validated and discriminating to ensure efficacy  of the subsequent stability 
evaluation. Confidence in the stability data is predicative on time invested up  front 
to ensure a viable procedure as well as to conform to legal and regulatory require- 
ments (2). 

evelopment  of a stability-indicating method should be predicated on the method’s 
intended application as well as selecting a suitable technique designed to assess 



19s stability requirements. Obviously the intended application of a 
stability-indicating method is for monitoring the stability of a given drug in a finished 

would require assessment of the method’s stability-indicating pro- 
specialty application of a stability-indicating method is   leaning 

validation testing, which  would require assessment of its stability-indicat 
properties, as holding  time  (of the swaps)  would  be a cri 
applications such as product release, performance testing (i.e., 
and in-process  testing do not require this assessme e phar~ace~t ical  houses 
still (but now  less  commonly due to ces and overall ind~stry 
practice) utilize a non-stability-indica UV, for prod~ct  release, 

LC method for stability te r, whenever there is a hold  time 
issue,  common in dissolution or in- 
the method for its stability-indicati 

Other chromatogra~hic separ 
thin-layer chromatogra 

asin~ly) capillary electrop 
specific methods. 
or coupled  with ion-suppress ion^ which accounts for 85Y0 or more of the general 
pharmaceutical applications. 

~onchromatograp~c and spectroscopic  techniques  such as titrimetry, atomic 
absorption9 UV spectrophotometry, and infrared spectroscopy,  while  precise, are 
not considered stability-indicating, and as such not suitable for stability assessment 
applications. 

efore  beginning  with actual e~peri~entation it would be advantageous to view 
me tho^ development from a broader perspective.  he method development  process 
can be  visualized from a high-level  process map perspective better to define the gen- 
eral steps encountered to achieving the end product, a stability-indicating method. 



pproach method development  with the intention of us' 
bility  assessment as a final application, after the 

roach entails determining the discriminatin 
front before  investing  time and money in evaluating other 

analytical parameters prior to assessin the stability-indicating element of the 
method. 

G is the method of choice for stability-in ' 

, although thin-layer chromatography 
, and capillary electrophoresis (CE) are als 

ith ionic  suppression account 
ies for small  molecular we 

suited for applications in r 
ditional applications may  be  in  cleani 
er  techniques  such as titration and 
release testing, are generally  considere 

nons  ecific and thus are  not considered for stability assessment. 
ed  with  finding or developing a method, one  or  two 
on the nature of the chemical entity: modification 
used  when there is i n f o ~ a t i o n  or a method already 

ase, the existing method is  modified or tweaked to 
1s may or may not be suitable; if not, de~elopment 

he  goals of the separation should also 

roperties of the APZ is invaluable to the method 
n on the various properties has been  collected, 

either through a systematic program of generating the appropriate infor~ation 
in support of drug discovery (organic chemistry  synthesis) on the one hand, or 
on the other, from a search of the literature or from company drug profiles, spectral 
libraries, or reports. Information such as dissociation constants, partition 
coefficients,  fluorescent properties (if any), chromatographic behavior, 
spectrophoto~etric properties, oxidation-reduction potentials, for~ulation stability 
studies, and solubility studies are all  very  useful and can expedite the develo~ment 

issociation constant and partition coefficients can be used to develop  efficient 
liquid/liquid extraction procedures, and data on fluo~escence, spectrophoto~etric, 
chromatographic, and oxidation-reduction properties can be  used to determine 
the best  means of meas~ring and quantifying the analyte of interest. Stability  studies 
are  erf formed on the drug substance, in solution and mixed  with phar~aceutical 
excipients as part of compatibility studies. Labile functional groups are identified, 
and the susce~tibility of the drug to hydrolysis, oxidation, thermal degradation, etc. 
is determined. Gompatibility  studies are performed to assess the stability of the 

when  mixed with common  excipients and lubricants as well as to determine 
any interaction between the drug and the (inactive)  raw materials. Solubilities  should 



be determined  in a number of solvents  covering a range of polarities that are com- 
monly  used in method development. 

olubilities should be determined  in aqueous and organic solvents,  such as 

Aqueous O~ganic 

Ethanol /methanol 
Chloroform 
Cyclohexane 
Acetonitrile 
Tetrahydrofuran 

pectral libraries are established, and information gleaned  is  useful for 
selection of initial conditions for an LC separation. On the other hand, however, 
sometimes this physicochemical information may not be known or available, so that 
an initial separation would  have to be tried, based on prior experience, in order to 
determine a course of action for subsequent experi~e~tation. 

Ideally, knowledge of the API’s nature relative to composition and other properties 
would  be  beneficial. For example, information about the compound’s synthetic route 
would  shed  light on any related product(s) and possible degradation product(s), as 
well as possible impurities; knowled~e of the compound’s  chemical structure would 
reveal  any  possible  stereoisomer  which  in turn would  necessitate a different separ- 
ation strategy, and so forth. 

able l shows  typical information that would  be  helpful  concerning the nature 
of the compound. The more infor~ation is available, the less  empirical the approach 
to developing a separation method will  be. 

To determine the separation goals,  which should be clearly  defined, a number of 
questions should be asked to help delineate the end purpose of the separation. Typi- 
cal  questions  may  include 

hat is the overall purpose of the  eth hod-quantitativ~, ~ualitative, or for 
isolation/purification of a compound (i.e., content assay, stability, 
impurities, cleaning assay, or for purification application)? 

Useful  Physicochemical / Related Information Concerning the Compound 

Wavelength  of  absorption (Anlax) 
Identity/number of compounds  present  (i.e., stereoiso~ers/c~iral centers?) 
Chemical structure (functionality); amphoteric 

pK, values  of  compounds 
Salt form of the drug 
Solubility of compound 
Purity of compound 

olecular weight 



at level  of accuracy and precision  would be needed? 
e method is  designed for what type of matrix? ow many  types of sample 
matrices are encountered? 

Is the method developed  using certain equipment transferable to the control 
laboratory, which  may not have the same equipment? 
ill the method be used for a few samples or many Sam 

raphic parameters are needed? 
olution is  needed? 

at is a suitable/acceptable separation time? 
is a suitable column  pressure? 

much  sensitivity  is required? 
S an internal standard needed? 
re there any detection issues? ost analytes absorb in the UV region of the 

oes integration use  peak area or height? 
Is the mode isocratic or gradient? 

hile there are a number of LC methods available to the development  chemist, 
perhaps the most  commonly  applied method is  reversed-phase.  Reversed-phase 
and reversed-phase  coupled  with ion-pairing probably account for more than 
85% of the applications for a typical pharmaceutical compound. The typical phar- 
maceutical compound is  considered to be an API of  less than 1,000 daltons, either 
soluble  in water or in an organic solvent. The water-soluble API is further 
differentiated as ionic or nonionic  which can be separated by reversed-phase. 
Similarly, the organic soluble A I can be  classed as polar and nonpolar and equally 
separated by reversed-phase. In some  cases, the non-polar API may  have to be 
separated using adsorption or normal phase HPLC, in which  case the mobile  phase 
would be a nonpolar orga nt.  For those “special” compounds that do 
not fall into this category 000 daltons [biopharmaceuticals],  isom 
enantiomers), other chromat c modes  may be  necessary for separation. 
include ion-exchan e and chiral chromatography. In this discussion of developing a 
stability-indicatin LC method, only  reversed-phase  will be discussed. 

Thus,given the limited  number of methods with stability-indicating properties, it is 
probable that the method selected  would be HPLC. Two  very advantageous charac- 
teristics of HPLC, its discriminating power and its ability to operate at room tem- 
perature or at low  elevated temperature, would not contribute to the 
degradation of the analyte. It is further assumed that the API is  of  low molecular 
weight (<l000 daltons), organic in nature (versus inorganic), and not a 
biopharmaceutical. These restrictions apply to a large percentage of the 
harmaceuticals and enable them to be  readily separated using  reversed-phase 
PLC, and sometimes  with the aid of an ion-suppression agent, in roughly 85% 



plications.  The  next question, then, is  whether the chromato 
would  be isocratic or gradient (see Fig. 3, Sec.  15). 

ithin this decade,  since  1992, the F published a position paper on the 
opment of  new stereoisomeric dru rior to this time the majority of 

ounds were marketed as racemic  is  because, until 
not technically  possible or ec 

mi~tures into their individual enantiomers. 
vidual enantiomers may  exhibit  different therapeutic effect 

nantiomer of sotalol is antiarrhythmic while the ~-enantio 
; and the dextro isomer  d-propoxyphene (DarvonQ, Lill 

the levo  isomer  Z-propoxyphene  is antitussive (but never  developed into a marketed 
wever,  with the FDA’s position paper and current technological 
large-scale chiral separation techniques and asymmetric  syntheses, 

new chemical entities (NCEs) containing a chiral center must be  resolved into the 
different enantiomers and each enatiomer characterized and the drug pro 
composed of only  one enantiomer instead of a racemate. 

hus, as contained in the International Conference on armoni~ation (IC 
ideline on drugldrug product speci~cations (6), the tests in the table must 

be satis~ed for new drug substances that  are optically  active: 

Impurities 
Assay 

dentity 

~imilar  to other impurities 
nantioselective procedure or achiral method with 
appropriate means to control enantiomeric impurity 

Test(s) should discriminate the ena~tiomers 

~ r u ~  ~ r ~ d u c t  

radation products Control of other enantiomer if that enantiomer is a 
degradation product 

Assay  If enantiomer is not a degradation product, an achiral 
method is acceptable, but chiral assay  is preferred, or 
alternatively, achiral assay  plus  means to control the 
presence of the enantiomer 

Identity Test to verify the presence of the correct enantiomer 

S such, in the development of a chiral method, the regulatory re~uirements 
must be considered. The reader is referred to decision tree #S (page 
the same  reference for a schematic  guide to development strategy and to  th 
(7) paper to determine what additional analytical information is  needed for the 
development of chiral drug products. 

Gas chromatography, while stability-indicaling, is not  as versatile as 
drug substance may not be volatile.  On the other hand, increasing the tempe~ature 



to effect volatility may  cause degradation as well as effecting racemization. 
owever, there may be a limited number of instances in which this technique would 

be useful,  such as for 1 nonaromatic compounds that simple are  not possible 
to separate by current C and TLC techniques. 

S a mature chromatographic technique and is 
armaceutical industry in research as well as 

in the control laboratory. It is  used throughout the drug development  process 
the purity of the drug substance, reference standards, and 
possesses  many advantages including  simplicity,  low cost, and a 

short run time. It is  cost  effective. Its main disadvantage is variability. Constanzo 
roposed a three-point window approach to optimize resolution, and thus 
ize the variability, by controlling the mobile  phase composition. 

sed to complement a non-stability-indicating procedure as 
Guideline for Submitting Samples and Analytical 

As  sciences, both capillary electrophoresis (CE) and capillary electrochroma- 
tography (CEC) today are probably where PLC was 10 years ago. C 
separations technique  based on the mobility of ions through a buffer-filled capillary 
in an electrically charged environment. This  would  provide a separation of charged 
species.  When CE is  coupled  with a stationary phase and high pressure, it is  known 
as CEC, in which the separation is  based on electrophoretic migration and 
chromatographic partitioning enabling the separation of neutral species.  Both tech- 
ni  ues are more applicable to biological  systems, in biopharmaceutical and other 

applications, than in quality assurance/product specification applications. 
chniques are very  sensitive and well suited for separations of small amounts 

of expensive biopharmaceuticals. On the other hand, they have less utility as a prod- 
release or stability test methodology, especially in product specification 

lications of small  molecular entities where there is an abundance of samples 
and where  sensitivity  is not an issue. 

The utility of the technique,  however,  lies in its ability to achieve  high 
sensitivity and resolution through high  efficiencies  with  minimal  peak dispersion. 

offatt et al. (9) have reported unusually  high  efficiencies  of up to 2.5 million 
plates per  meter in the capillary electrochromatographic analysis of partially 
ionized anionic-neutral pyrimidine compounds using a standard Cl8 stationary 
phase. 

ber  of manufacturers of CE/CEC equipment are not nearly as many 
nt. Major manufacturers include Unimicro Technologies, 
ckman Coulter, and Micro-Tech  Scientific. The last com- 

pany’s  model Ultra-Plus I1 has an integrated, gradient capillary H 
system.  This combination of gradient elution and electrophoretic migration provides 
a rapid analysis  with  high resolution (10). 



he 1987 edition of the F y guidance document (1) stipulates that the A 
be subjected to a number o degradation conditions to include  acidic,  basic, 
and oxidative conditions. S in the field  have also included temperature 
and light (photostability) t draft stability guide (1 l), while not yet  official, 
specifically  includes photostability and temperature cycling re~uirements; no 

ative conditions were made, however. The current 
also do  not specify  how degradation studies are 

to be conducted; this was  left to the discretion of the responsi 

Forced degradation should be one of~the activities performe early in the develop- 
ment  process to ensure that the method is discriminating before a lot of time, effort 
and money  have  been  expended. The guidance documents do not indicate detailed 
conditions, so the conditions and interpretations are left  up to the development 
scientist. Suggested  forced degradative conditions are summarized in Table 2. Trial 
and error  are needed to find the proper combination of stress agent concentration 
and time to effect a degradation, preferably in the 20-30% range. Depending on 

I, not every stress agent may  effect a degradation¶ but each  agent  has to 
ated to determine whether degradation results. 

Additional comrnents are warranted. 
Adequate kt tially  developed method should achieve a suitably retained 

peak, with a k' o 4 to 10. This range allows a suitable time  space  in the 
chromatogram for degradants to elute before or after the active (major) peak. Since 
the polarity of the degradants relative to the major peak  is not known, the k' of 
the major peak eluting in the middle  of the chromatogram adds some assurance 
that the degradants would elute on either side  of the main peak. 

Degradation conditions. Unfortunately this  is a trial and error process.  Typical 
degradative conditions involve  hydrolysis,  photolysis, acid/ base reactions, and 
temperature. The goal is to obtain about 20-30% degradation and not complete 
degradation of the active compound. Achieving  100% degradation would be too 
strenuous and could possibly  cause  secondary degradation, giving degradation prod- 
ucts of the degrada product(s), which are not likely to be formed under normal 
storage conditions. pending on the API, not all of the degradation conditions 
effect degradation, after a reasonable effort (varying concentrations and time) 
to produce a degradation product with no success,  one can move on to the next 
condition. For example,  when  chlorhexidine digluconate, an antimicrobial agent 
in mouthwash, was  subjected to each of the above conditions, only degradants were 
isolated from heat, acid and light (12).  hile it was  impervious to the other con- 
ditions, this  was not known up  front, so each of the conditions had to be tried. 

Acid/base. Generally the concentration of the API is  doubled to enable the 
reaction solution to be neutralized before  injecting into the LC system to prevent 
damage to the silica-based chromatographic column. 

Controls. Refer to Table 2. It is important that corresponding matrices and 
appropriate controls be treated in a similar fashion to identify  possible  interferences. 
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Internal standard. Should the analytical method utilize an internal standard,  it 
is not recommended to degrade the internal standard, but its k' should not interfere 
(elute) at any of the possible eluting kt peaks. 

Evaluation of the degradation mixture is  generally performe 
array detector. Assessing the purity of the major peak  is  very 
be dif~cult in light of possible  peak  inhomogeneity after the 

ne  must  be assured that there is no degradation peak  (hiding) under or ~nreso~ved 
from the major peak of interest, The utility of the diode-array detector is that 
the analyst can select a whole  wavelength range, say from 200 to 350mm, with 
a bandwidth of 80nm. With just one  sing atographic run, all CO 
absorbing within this range will  be detected.  ly one wavelen~th sele 
a conventional UV detector, for instance at , any compound not absorbing 
this wavelength  will not be detected. Figures 1A and 1 depict diode-array 

ograms for assessing  peak purity. 
fer to Section 17.4 for further discussion. 

There is  always that nagging question of whether the peak of interest (the major 
analyte peak)  is pure or homogeneous.  This  is a difficult question, and many  inves- 
tigators have tried to prove the homogeneity of the major peak under stressed con- 
ditions during the method development and validation process. 
techniques  have  been  used to characterize peak homo~eneity, such as spectral sup- 
pression, absorbance ratio, spectral overlay (1 3), electros~ray mass spectrometry 
(14,15) and dual detection (16). 

Sample preparation is a critical step in the overall chromatographic process, and can 
affect the c~romatography if not developed or treated properly. This step 
encompasses  sample filtration, sample extraction as well as sample derivatization, 
although the latter is not commonly  used in the pharmaceutical quality laboratory. 
The purpose of this step is to prepare the sample so that the drug substance can 
be  readily chromatographed, separated from other materials. Thus, it is a step 
to remove  any  interferences, to enhance the detection of the drug substance as well 
as to protect or enhance the life of the analytical column. 

The following considerations are noted: 

What is the matrix? 
Ensure complete dissolution of the analyte in mobile phase or weaker solvent. 

bility and solubility. 
the analyte precipitate in the buffer? 

ome  typical treatment modes are 

~ i l u t i o n  
Sonication 
Shaking 
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rare occasions, the drug product, in a solution package form, may be 
directly or after an  appropriate dilution. Typically, for a solid,  such as 

a tablet or a capsule, the pretreatment would  necessitate a 
followed by extraction/ sonication, filtration, and dilution. 
ointment may  necessitate an extraction followed by evaporat 
and dilution, or heating to dissolve the analyte/matrix, followed by cooling to 

e the typical dosage  form-solid (tablet/capsule), semisolid 
(ointment /cream), or solution (cough syrup/ophtha~mic solution)-utilizes a com- 
bination of the treatment modes mentioned earlier, solid-phase extraction (SPE) 
has become a recognized and viable  technique for sample preparation 
methodologies,  especially for biosamples and as  an alterna 
extractions in many U.S. Envi ro~enta l  Protection Agency 
recent  supplement to LC/GC magazine  was dedicated to ad 

It is  very important  that the sample preparation, prior to injection into the 
liquid chromatograph, be  freed of particulate matter,  thro either filtration or 
centrifugation, and that the solvent be compatible with the C system.  If there 
is  incomplete  sample  solubility or if the solvent  is too polar, band distortions or 
tailing will result. Ensuring that the sample  is  completely  dissolved  in the proper 
solvent and then diluting the sample  in  mobile  phase  will  eliminate  these  problems. 

the matrix, and then filtration. 

ec. 5, we assume that separation goals have  been determined, such as res- 
(at least baseline), reasonable run time (under 10 minutes), and ruggedness. 

These  elements are further discussed  below and developed in greater depth in Part 
I1 of this chapter under Validation. From Sec.  6.2  above, a case has been  made that 
reversed-phase HPLC is suitable for our API of interest. The next step is to deter- 

I is typical. Referring to Secs.  6.1 and 6.2  above, let us further 
is  ionic and acidic. From  a listing of  generic separation con- 

ditions, see Table 3, conditions for an ionic and acidic compound are selected, 
and an initial exploratory run using gradient elution is  made. 

At this point, two options may  be available to us before performing the 
exploratory run in the development of the desired stability-indicating procedure. 
First, there may  be a method, either in-house or from the literature, already available 
for the same API or compound of interest. Useful information may  be  gleaned from 
here to modify to suit the specific compound on hand. On the other hand, sometimes 
established methods may not be optimal, so rather  than modifying the method to suit 
our need, it may be better in the long run to develop a new method that is optimal and 
rugged. 

Exploratory runs can be done manually or with computer software. Both are 
trial and error methods, but the latter is more systematic, quicker, and requiring 
fewer  injections.  When and after an initial exploratory run has been performed, 
the chromatogram is evaluated before  proceeding  with the next injection, and sub- 
sequent adjustments are made to the mobile  phase composition. Each subsequent 
injection  is thus based on the previous conditions, so that after a number of injections 
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the proper conditions can be found (1 8). efer to Sec.  12  below further discussion on 
software method development. 

reversed-phase/ ion-pair chromatography7 there are essentially 8- 
affect the separation, as depicted in the resolution equation7 

where N, a and k' are referred to  as the efficiency7  selectivity, and retention 
acity) factors, respectively  affecting the resolution of the analyte from other 

components in the separation. The efficiency  is  affected by the nature of the column, 
and both selectivity and retention are affected by the solvent. Column variables 
include length, particle size, and flow.  Solvent variables are the nature of the sample, 

obile phase, and the column surface, i.e.9 bonded-phase (adsorbent type)  such 
8, phenyl or cyano, etc. 
These key variables include  mobile phase strength, solvent type, column 

, te~perature9 ion-pair reagent  (type and concentration), buffer, 
and mobile  phase flow rate. 

Either isocratic or gradient mode  may be  used to d e t e ~ i n e  the initial conditions of 
the separation, following the suggested experimental conditions given in Table 3. 

epending on the number of active components to be  resolved or separated, the 
more com~lex the separation, the more g * *on would  be advantageous over 
isocratic mode, which  is akin to a brute ation when trying to separate a 
complex mixture. hen  faced  with  de 
mixture, the use  of computer software i 

In deciding  whether a gradient W 
would  be adequate, an initial gradient run is performed, and the ratio between 

'fference in gradient time  between the first and last 
nt are  calculate^. the calculated ratio is  0.25, isocratic is adequate; 

t would  be  beneficial  (19) as sh 
rations), when there are many 

ong gradient run may be needed. In this case, a comp 
to be ~ a d e 9  using an isocratic method €or product release and 
for stability assessment. The isocratic method has generally a 
say  under  15 minutes, and no degradation product would be monitored, a s s ~ i n g  
that none are formed initially. ith time the degradation products are formed 
and must be ~oni tored7 which requires a gradient me tho^ to resolve  completely 
the mixture (1 5 minutes and longer  depending on the complexity of the de~radation 
mix). The gradient method, then, would be the stability or regulatory method. 

is another factor in the resolution equation that will  affect the selectivity of the 
n reversed-phase PLC, sample retention increases  when the analyte 



Tsocratic or gradient? (From Ref. 19.) 

is more hydrophobic. hus  when an acid ( ) is  ionized  (converted from 
the unionized  free  acid or base) it becomes more hydrophilic (less hydro~hobic9 more 
soluble in the aqueous phase) and less interactive with the column's  binding  sites. 

(more retained on column) (less retained on column) 

a result, the ionized analyte is column, so that the k' is 
uced, s o ~ e t i ~ e s  dramatically. for the analyte, it is  half 

S of the ionized and unionized  species a 
changes in retention oc 
st the mobile phase to 
nsure practically 100% unionization for retention 

ountered in reversed-phas 
and intermediate pH (i.e.9 

d and method ruggedness  is ma~imized. On the 
te range  offers an advantage in increased 
. 10.7 for further discussion. For a detailed 



treatment of retention as a function of pH, the reader is  referred to the works of 
Lewis et al. (20) and Schoenmakers and Tijssen (21). 

able 1, it is important to know the salt form of the drug substance 
of interest or whether it is amphoteric. This information is invaluable to the devel- 
opment of the analytical methodology  because it will  aid in the opti 
the method to effect better separation, resolution, and chromatography 
is amphoteric, the pH can be S d whereby the compound exists as a S 

and not a mixture of species d species  will lead to poor separat 
other hand, if the drug has nt salt forms, say the hydrochlo 

g.,  d-propoxyphene hydrochloride, arvon@, and d-propoxyphene 
@, both drug products mar ed  by  Eli  Lilly), the problem 

The salts represent different products and are marketed separately for different 
pharmacokinetic effects,  i.e., different absorption profiles,  with the hydro- 
chloride being more soluble, and thus showing a faster absorption and dis- 
tribution. 

In solution, both salts will  be dissociated from the 
moiety so that the final analytical methodology  is a 
aration and detection (or titration) of the analyte 

monographs for the two propoxyphene (hydrochloride and 
napsylate salts) APTs and their several products (22), the final analytical 
methods, be they titrimetric or chromatographic, all  detect the analyte free 
base propoxyphene, and the assay  percentage  is calculated using a molecular 
weight correction factor. 

Solvent  type (methanol, acetonitrile, and T F) will  affect  selectivity  similarly for 
ionic and neutral analytes. Hence  changin  solvent  would be a useful variable 
in the separation. The choice  between methanol and acetonitr 
on the solubility of the analyte as well as the buffer  used. 
the least polar of the three, it has the highest  solvent strength. If that property 
is not essential, its odor and potential peroxide formation may  be a deterrent. 

The mobile  phase composition (percent aqueous to organic) as well as the solvent 
strength will  affect both a (solvent  selectivity) and k' (solvent strength). The sample 
solvent  will  have a similar  effect as well and may lead to peak distortion if the 
polarity between the mobile  phase and the sample  solvent  is great. Thus, if at 
all  possible, it is  best to dissolve the sample  in the mobile phase, if not, at least 
to make the final dilution in the mobile phase. 

~hromatographic separations thus vary  with  solvent properties and are related 
to sample solubility, polarity, and solvent strength. Solvents that interact strongly 
with. the sample  will  increase the sample  solubility and decrease the chromatographic 
retention as more sample ions exist  in the solvent and are not able to be in equi- 
~ibrium with the adsorbent surface. Thus changing the organic solvent  will  change 
the selectivity. Polarity is the summation of dipole and hydrogen bonding 



interactions, and in reversed-phase chromatography,  less polar solvents exhibit 
greater solvent strength than polar solvents. The solvents water (most polar), 
methanol, acetonitrile, and tetrahydrofuran (T F) are placed in ascending order 
of polarity but reversed in their order of  solve 

These three organic solvents (methanol, acetonitrile, and the basis 
of the solvent selectivity triangle and exhibit differences in their ractions. 
They are also miscible  with water and  possess  low  viscosity and UV transparency. 
Collectively  these three organic solvents along with water provide a four-solvent 
mobile  phase optimization strategy. Each organic solvent in combination with water 
or water contain in^ a buffer or additive(s) comprise the mobile phase. ~ometimes the 
mobile  phase  may contain two organic solvents. phase  composition  is 

y referred to % A and the organic ph 
en the sample is eluted with a mobile  p (organic), there is  no 

separation, as the sample is eluted in the void ecause the sample  is 
not retained; but retention is  observed  when solvent strength is 
decreased to allow e~uilibrium competition of the solute molecules  between the 
bonded  phase  and the mobile phase. hen the separation is  complex, that is,  many 
components are to be separated, and when the solvent strength is  decreased and 
there is still no resolution between  two  close peaks, another organic solvent of a 
different polarity or even a mixture of two organics may  need to be tried to effect 
separation. Additionally, mobile  phase optimization can be enhanced  in  combi- 
nation with bonded phase optimization (i.e., substituting C18 /C8 with cyano or 
phenyl). A goal for the band spacing of a solute (P) should be in the range of 4 
to 9 and a run time  of about 15  minutes or 20 minutes at most for most routine 
product  release or stability runs. 

obile  phase contains only  water and organic solvent, it is  recommended 
of the mobile  phase  be controlled by using a buffer to provide capacity. 

Thus  when  selecting a buffer for a given application, the following considerations 
are  important: 

buffer capacity is dependent  on , and  buffer concentration. 
absorbance-UV transparent t wavelength  of the organic 

solvent. 
ther properties, such as solubility and stability of the buffer and its reactivity 
to the analyte and  hardware  components of the chromatographic  system. 

he  buffer concentration, or ionic strength, will affect the selectivity. 
increase in the buffer concentration can lead to a decreased retention as the ionic 

n the analyte and silanols are swapped out by the increased buffer 
en  selecting a given buffer, additive, or even the solvent, sufficient 

regard for their compatibility with the analyte or LC  system  must  be considered 
(23). 

Initially, when  deciding  whether to select reversed-phase PLC or reversed-phase 
LC with ion-pairing, a good rule of thumb is to consider the nature of the analyte 



of interest. If the sample  is neutral, begin  with  reversed-phase; and if the sample  is 
airing. Thus reversed-phase HPLC and reversed-phase 
similar except that the latter contains an ion-pair re 
improve the selectivity of ionic samples. The use o 
sted only  when separation is not adequate with r 
cause using an ion- air reagent introduces additiona 

to be controlled, such as what ion-pair rea 
se of this added variable, r e v e r s e ~ - ~ ~ a s e  
analyte first  before trying ion-pair reverse 

The solubility of the ion-pair reagent y also be affected  depending on the 
ed in the mobile  phase. ethanol is  generally preferred over 
F because it provides b solubility for the ion-pair reagent 

as well as for buffers and r is  chosen, and at a 
concentration of about 25 nt concentration are 
varied to provide optimal sele  ese variables are not easily 
altered with commercial ion-pair '' d co~centration have been 
standardized and ready to use. 

Table 4 summarizes the types of ion-pair reagents and the co~ditions for their 
use. 

The mechanis~ of retention imparted by the ion-pair reagent, such as an 
sulfonate, provides a change in the e q u i l i ~ r i u ~  between the ionized analyte a 
ion-pair reagent that is attached to the silica adsorbent through the hydrophobic 
alkyl group and the negative charge of the sulfonate ion. The positively charged 

Listing of Types of Ion- air ~eagents  and ~onditions of Use 

Ion-pair reagent  type and Used for compound pH of mobile   on cent ration of 
examples class phase ion-pair reagent 

Alkyl sulfonates (sulfonic Cationic samples 3.5 0.005 
acid  alkyl salts) (p~otonated bases) 

Pentane sulfonate asic  compounds 
exane sulfonate 

Alkyl a ~ o n i ~  salts Anionic  samples 7.5 0.005 
(ionized  acids) 

Tetrabutylam~onium 
phosphate Acidic  compounds 
T e t r a b u t y l a ~ o n i u ~  
hydrogen sulfate 

Examples: 



(protonated) analyte ion competes for the negative site of the sulfonate ion. 
altered equilibrium in  effect imparts a change  in the solubility of the analyte sample 
which  in turn alters the retention as the analyte is  now “atta~hed’~ to the adsorbent 
so that  it is eluted at a later time. 

of the mobile  phase  is  closely  associated  with io 
ent is  positively charged (tetrabutyla~onium 

charged (CS- or C6- sulfonate/Cs- or (26- SO;), and dependent on whether the anal- 
yte  is an acid or a base. Cationic samples (protonated base) or bases  use the pentane, 
hexane, or a higher hydrocarbon sulfonate ion-pair reagent. Anionic  samples 

commonly  use tetraethylammonium or tetrabut lammonium 
ir reagent. Their optimization is 
hy ion-pair reagents operate in 
tylammonium phosphate) for 

to octane sulfonic  acid) fo 
roper ion-pair reagent, alkyl chain lengths 

sidered. The length of the alkyl chain enables  selective separation of the analyte. 
The  longer the chain, the more hydrophobic the counterion, and therefore, the 
greater the retention due to equilibrium between the counterion and the column 
adsorbent. Thus by selecting a reagent  with a lon er chain, selective  solubility  is 
obtained, enhancing the resolution. 

LC column  is the heart of the method, critical in performing the 
n must  possess the selectivity,  efficiency, and reproducibility 
paration. All  of these characteristics are dependent on the column 

 manufacturer,^ production of good quality columns and packing materials. 
ties of the silica (backbone) such as metal content and silanol  activity p 
in the manufacturing and bonding processes determine the properties of the 
bonded  phase. A good  silica and bonding  process  will  provide the reproducible and 
symmetrical  peaks  necessary for accurate ~uantitation. 

Commonly  used  reversed  phases are C1 8 (octadecylsilane, 
L7), phenyl (USP Lll), and cyano (U 

chemically different bonded  phases demonstrate significant  changes in 
selectivity  using the same  mobile  phase  eir properties vary from manufacturer 
to manufacturer, but given the state-of- rt character of the vendor’s manufac- 
turing process,  they  show  good quality control and provide batch-to-batch 
reproducibility. For example, no two L1 columns are the same, they vary from 
manufacturer to manufacturer relative to their pore volumes, pore sizes, surface 
areas, particle sizes  (average  range), carbon loads, whether  end-capped or not, 
and the amount of bon -phase coverage, as well as varying  in their basicity 
and acidity characteristic th state-of-the-art developments in column technolo , 
most columns on market exhibit  good quality control and provide ex 
column-to-column roducibility and batch-to-batch reproducibility (25), 
some  cases  they g he chromatographer the option of  using  column  selectivit 
as an ’ tool (besides  mobile  hase  selectivity) to optimize the 
metho 



Column length also plays a role  in the separation resolution. 
fficiency ( N )  changes  in direct proportion to the ra 
solution, as indicated in the resolution equation (vide supra), changes 

as  a function of the square root of the change  in N, and an estimate of the change in 
resolution as  a function of column length can be approximated with the equation 

where R,1 is the resolution obtained from column 1 and ,2 is the estimated resol- 
ution with  column 2. 

Similarly the run time ( Q and column  back  pressure (P) will also change in 
direct proportion to a change in the column length by 

where RT1 is the run time for column  1, RT2 the run time for column 2, P1 the 
pressure for column  1, and P2 the pressure for column  2. 

hile most anal~tical columns are standardized to a 4.6 mm id, their lengths 
are available in  lengths of 5 cm, I5  cm, and 25 cm,  whereas the original 
ondapak@ C18  column  measures 30 cm x 3.9 mm id. A good  selection 

of columns illustrating type and sizes can be found in  most LC vendors'  supply 
catalogs. 

Claessens et al. (28)  have reported on an extensive  study on the effect  of  buffers 
on silica-based  column stability in reversed-phase  LC. As the analytical column 
has a silica-based backbone, it is not stable in alkaline p . The authors reported 
that silica-based bonded phase  packings variably degrade with buffers as a function 
of the type of anion, cation, pH, buffer  type, and temperature. 

hile temperature is a variable that can affect  selectivity, a, its effect  is  relatively 
small. Also, the k' gene~ally decreases  with an increase in te~perature for neutral 
compounds but less dramatically for partially ionized analytes. 
some  effect  when there is a significant  difference in shape and size 

verall, it is better to use  solvent strength to ontrol selectivity than to use 
temperature; its effect  is  much more dramatic. yder et al. (29) reported that 
an increase of 1°C will  decrease the k' by 1 to 2%, a both ionic and neutral samples 
are reported to show signi~cant changes  in a with temperature changes. 
possible temperature fluctuations during method development and validation, it 
is recommen~ed  that the column be thermostated to control the temperature. 

Flow rate, more for isocratic than gradient separation, can sometimes be useful an 
readily  utilized to increase the resolution, although its effect  is  very modest. The 
slower  flow rate will also decrease the column  back  pressure. The disadvantage 
is that when  flow rate is  decreased, to increase the resolution slightly, there is a 
corresponding increase  in the run time. 



Up  to this point, efforts to develop a suitable stability-in 
revolved around the resolution equation (see  Sec.  10.1). 
chromatographer  must  tweak the three variables in ion. The capacit~ 
factor, k', can be affected with a change  in the solvent. The  efficiency factor, N, 

th  a change in the column dimension, particle size, stationar~ phase, 
stly, the separation factor, a, can be  modified with a change  in the 

gth of the buffer, stationary phase, mobile 
e three factors need 
erformed  utilizing th 

er software for optimization is  becoming  more 
ns 12 and 17.10 for further discussions  on  these 

topics. 

he  chromatographer  can either select  peak area or peak  height for quantit 
assuming that  both modes  have  been properly calibrated and validated. 
suggested, however, that peak area be  used for development  and  peak height for 
stability for the reasons stated in the table. 

Suitable for simple,  well-resolved ore accurate/sensitive than peak 
mixtures area 

ent standardization required equires less resolution of com 
more  precise than peak ore affected  by instrumental 

variations 
Generally best  when  simple  equipment est suited for complex mixtures 

is  used 
etter suited for nonsymmetrical peaks Use for trace analysis 

en in method optimization it is  necessary to consider various variables, such as 
1 and experimental conditions, that affect the ruggedness  of a given 
such experimental design often used  in rug~edness testing is the 
an design  named er the authors  that first published their 
If a century ago. fer to Sec.  17.10 in the VaZi~a t i~n  part o 

chapter for  further discussion  on this subject. 

The  discussion  in  Sec. 10 presumes  developing a method by manual trial  and  error, 
yet in a systematic manner. That is, the conditions for  an initial run  are noted, an 
based on the outcome of the first run, modifications are made for the second run. 
Then  based on the results of the second run, additional modifications are made 
for the third  run,  and so forth until a good separation is obtained. Thus a number 



of these trial and error runs may be needed to obtain the des 
may  conceivably  be time consuming. 

In the last fifteen  years or so, the use  of software for 
LC has increased dra~atically, with the 
m i ~ t u ~ e s  by shortening the deve~opment 

the resolution based on a limited amount of e~perimental r 
of these computer systems are commercially  available. 
have  been ~ublished (30), and many references to usi 

ryLab"  is a widely  used computer S 
a limited number of actual injections at  dif~erent conditio 
co~dition or separation at other conditions. 

ally, production e~uipment is shared 
cts. Thus cleaning  processes  followin 

consiste~tly.  In addition to HPLC, total organic carbon 

er, is not  as specific as HPLC. Conductivity has also been  used. 
is the most accurate, reliable, and specific  of all the analytica 

methods. 

for dissol~tion assay  testing  is optimi 
mination of d~gradation products or 
of this co~bination (dissolution with 



pproaches and guidelines  used to develop and validate a chromatographic method 
can be applied to develop nonchromatographic methods (not stability-indicating) as 
well. It is  equally app~opriate  to fo W the guidelines of USP  23 General Chapter 

1225 >, Validation of Compendia1 ethod (34),  selecting and validating those ana- 
lytical  elements that are needed for a rugged method. These nonchromatographic 
methods include UV spectrophotometry, atomic absorption, infrared spectroscopy, 
and titrimetry. 

Additional discussions on the validation of various nonchromatographic 
methods are found in  Sec.  19.3. 

Analytical methods including chromatographic and nonchromatographic tech- 
niques are used to generate reliable and accurate data during drug development 
and post approval of the drug products. The testing, in general, includes the accept- 
ance of raw materials and the release of drug substances and finished products, 
in process testing, and analysis of stability samples for establishing expiration 

herefore  test methods that are used to assess the compliance of pharma- 
roducts with  established  acceptance criteria must  meet proper cGMP stan- 

d reliability as set forth by the regulatory agencies  (35). 
ection 501  of the Federal Food, Drug, and Cosmetic Act, 
ions in monographs of the USP and NF constitute legal 

ards. Under the Food Drug, and Cosmetic Act, the FDA can enforce the 
NE; standards of strength, quality, purity, packaging, and labeling. Therefore 

r compliance purposes, every analytical method should be validated according to 
pharmacopeial standard, because each method could be included  in a drug 

ethod validation is a regulatory requirement. The Food and Drug Admin- 
istration and the ernational Conference on Harmonization (ICH) of Technical 
Requirements for gistration of Pharmaceuticals for Human Use  have  published 

on the validation of analytical procedures  (36,37). In USP 
l Chapter 1225 > has been allocated for validation of  compendia1 

methods (34).  This chapter describes  in detail as well as in summary  how to evaluate 
particular performance parameters. In general, it is  assumed that this chapter is 
applied to chromatographic thods of analysis, and th for nonchromatographic 
procedures some alternate delines  should be  used  ever,  in  USP 23/NF 
18 no such distinction has n made. Therefore per  ance parameters given 

eneral Cha ter < 12252 can be  used to evaluate the Performance of any ana- 
owever,  one  needs to be careful in selection of performance 

parameters. Also, methods described  in the current USP are not stability-indicating 
in nature. Therefore for monitoring of stability studies, guidelines  given  in General 
Chapter (1225) can be  used to validate these methods. 



3 

What constitutes validation? The validation of analytical method is the process 
in  determining the suitability of a given  methodology by laboratory studies that the 
method in question can meet the requirements for the method’s intended use. 
Method validation is not simply a measure of procedure; method validation is a 
measure of performance of the total analytical system.  Sections 21  1.165(c) and 
21 1.194(a)(2) of the cGMP for method validation specify that any method adopted 
at the product development stage be  verified under actual conditions of use, and 
that subsequent variations on existing  methodology are subjected to validation. 

General Chapter t1225> states, “Validation is the process of providing 
documented evidence that the method does  what it is intended to do.’’ In other 
words, the process of method validation ensures that the proposed analytical meth- 
odology  is accurate, specific, reproducible, and rugged for its intended use. 

The articles in the current revision  of the Compendia are also recognized to be 
legal standards when determining compliance with the Federal Food, 
Cosmetic Act. Regulated industries must perform method validation to c 
Compendia1 or other regulatory requirements, and the dat nerated becomes a 
part of the methods validation package submitted to the 

Similarly, the general regulation, which  is currently 
2.19, states, “Where the method of analysis  is not prescribed in a regulation, it 
is the policy of FDA, in its enforcement programs to utilize the methods of a 
of AOAC as published in the current edition.” Further,  it is stated in the 
current Good Manufacturing Practices for Finished Pharmaceuticals regulations 
21 CFR 211.165(e) and 21 CFR 211.194(a)(2) that if a firm  is  using  AOA 
or ~ ~ P / ~ F  methods of analysis,  only  minimal additional validation data is  required 
(35)- 

While the text of Title 21 CFR  Part 21  1, ECH Guidelines, and General Chapter 
t 1225>  all  provide terms and definitions, there is no specific  discussion of validation 
protocol and methodology. In ICH Guidelines (Q2Ef) on ethod Validation 
Methodology, the applicant has been made responsible for the appropriate 
validation protocol and procedure suitable for their product. Therefore prior to 
initiating a validation study, a well-planned validation protocol is required. This 
protocol should  consist of experimental  design and elements required for validation 
of the proposed test method that have  been  reviewed for scientific  soundness 
and completeness  by  qualified  individuals and approved by appropriate company 
management authority. The validation protocol should include a detailed test 
procedure, basic  experimental  design,  elements for validation, predefined  acceptance 
criteria, reference of related methods, and management approval. 

As  mentioned earlier, description of the test method is  very  significant for suc- 
cessful validation. Therefore a test procedure is a description of the “analytical 
method’’ to be used as a guide  in validating the method and serves as a basis 
for the preparation of the validation protocol. It should include 

1. A listing of reagents, solvents, and other supplies 
2. Inst~ctions for the preparation of standards, samples, and solutions 
3. A listing of equipment to be used or equivalents 
4. Instrumental parameters and chromatographic conditions 



ystem suitability requirements 
tandard and sample  analysis  sequence 

7. Calculation section to include  results formatting 

rior to outlining the experimental design or protocol, however, it is  necessary 
to make some  basic assumptions as suggested by Swartz and Krull (38,39). These 
assumptions are that 

pecificity or selectivity for the developed method has been demonstrated (i.e., 
forced degradation already performed). 

The developed method has been  optimized to the point where  investing  time 
and effort in validation is  justified and feasible. 

Evaluation of data generated by the developed method is performed by valid 
statistical approaches to remove  some of the subjectivity of method 
validation. 

eping in mind  these ass~mptions, the current IC methodology  guidelines, and 
requirements for validation depending on the pe of analytical method, one 

can design a stepwise protocol. A typical protocol designed by Swartz and 

, the first parameter to be evaluated is robustness. This 
parameter is  usually evaluated during the method development stage, when the effect 

Level 1 
Bulk drug Baseline  noise 

Sample method validation protocol. (From Refs. 38,  39.) 



of different parameters on selectivity  is studied. 
in a stepwise univariate approach or as a part 

rmed. The range is determi 
use  (34,36,38,39). Comparison of the results bet 
dosage form fulfills the accuracy  requirements. 

the p articular method and its intended use. 

rior to conducting validation studies it is imperative to deci 
required to be studied. These paramet~rs are termed ‘ 
characteristicsy9 or sometimes  analytical figu 
are familiar and are used  daily in the laboratory 
things to different laboratory groups. Therefo 
terminology and definitions of these characteristics is 

The  selection of desired ~erformance 
of analytical method and its intended use. 

product release should not be  used 
tion limits of an active ingredient. 
monitor trace quantities of the acti 

samples, then knowledge  of the detection and quantitat 

erefore, selection of validation parameters for 
should be made case by case, to ensure that paramet 
intended use. This is  even more important when  va 
methods, because  such validations are complex, as thes 

iking of samples  with  known degradants and literature searches. 

eneral Chapter 1225 > 
Characteristics,  how  they are determined9 and which su 
required to demonstrate validity, based on the method9s 
formance characteristics can 

alidation.” These analytical performance characteristics are 

racy 
sion 

~pecificity 



es or active ingredients (includi~g preservatives) in  ishe he 

~etermination of perfor~ance charac- 
dissolution, drug release) 

required for method ~ a l i d a t i o ~  in each 

testing, for example, falls into this category. 

ata Elements Required for Assay Validation 

Analytical Assay Category I1 
performance Assay  Assay  Assay 
parameters Category I ~uantitative Limit tests Category III Category IV 

Accuracy  Yes Yes * * No 
Precision  Yes Yes No Yes 0 

Yes Yes  Yes * Yes 
N O  No Yes * No 
NO Yes N O  * 0 
Yes Yes NO * 0 
Yes Yes * * N O  

~~ 

*May be required  depending  on  the nature of the specific test (Ref. 33). 



t a b i ~ i t y - l n ~ i c a t i n ~  Nature 

A word of caution. Assays appearing monographs are not always 
stability-indicating. They  may be for t  r product, as submitted by the 
innovator company for inclusion as a ph, which then becomes the 
b~nchmarls. If another company wishes to market the same product, as a generic 
version, that company ust validate the assay according to the validation par- 
ameters discussed in US General Chapter 1225>, because that product is  differ- 
ent from the innovator product relative to the source A I and formulation. 

2A (Text on Validation of Analytical 
alidation of Analytical ~rocedures: ethodology) were  develo  ed  within the 

uality) of the Requirements 
Use.  These documents presen 

characteristics for consideration during validation of analytical procedures  included 
as part of registration applications submitted within the European Union, Japan, 
and the United States. 

2A also provides descriptions of typical validation 
measured, and which  subset of each p a r a ~ ~ t e r  is suitable 

for validation of the analytical method, based on its intended use.  The  discussion of 
the validation of analytical procedures has been  divided into three common cat- 
egories of analytical procedures: 

nti~cation tests 
antitative tests for impurity content-Limit tests for the control of 

tests of the active  moiety in bulls drug substance or drug product 
or other selected component(s) in the drug product 

uidelines  Q2A, the objective of the analytical procedure needs to 
be clearly understood since  this  will  govern the validation characteristics that need to 
be evaluated. Typical validation characteristics, which  should be considered, are 

Analytical variables that are normally required for metho 
summarized  in Table 6. 



Validation Characteristics Versus  Type of Analytical  Procedures 
~~ 

Type  of  Impurity testing 
analytical 
procedure ~dentification ~uantitative Limit tests Assay 

Accuracy 
Precision 

epeatability 
Intermediate 
precision 

Specificity 

ity 

No 

No 
No 

Yes 
No 
N O  
No 
No 

Yes 

Yes 
Yes 

Yes 
Yes 

es 
Yes 
Yes 

No 

No 
No 

Yes 
Yes 
No 
No 
No 

Yes 

Yes 
Yes 

Yes 
Yes 

Source: Refs. 35 and 37. 

identified. 
is  complementary to A, which presents 
tics that should be the validation of 
S guidance gives recommendations  on  how to consider 

the various validation characteristics for each analytical procedure. These  rec- 
ommendations will  be  discussed in detail under definition of validation para~eters.  

idance-~alidation of ~hromatographic Methods provides 
on of typical validation parameters and  how  these are deter- 
guidance has similarities to the I and 

les or figures to  d sen- 
uidance is to present the issues 

to be considered when evaluating chromato~raphic test methods  from a regulatory 
perspective.  Exam  es  of  common problems, which  can  delay the validation process, 
have  been  includ 

are 
he validation characteristics to be evaluated according to this F 



 omp par is on of Analytical  Parameters 

F 

 curacy 

Interme~iate precision 
NO 

System suitability 

Accuracy 

~inearity 

ample  solution stability 

ystem suitability discussed separately in. USP 23 General  Chapter t621>. 

c Q ~ p a r a t i v ~  disc~ssiQn of validation p 

literat~re, there are many articles on d e ~ ~ i t i Q ~  
y validatiQn as p 
have d i s c ~ s s ~ ~  th 



for each level  is 

the same analytical conditions. 
ion is d e ~ ~ e d  as “the de  ree  of a~reement 

analytical method 
cision  refers to the 



of individual test results around thei ecision  is usua~ly expressed as per- 
cent relative standard deviation (% statistically significant  number of 

0th the FDA and the IC that precision be measured at three 
different levels. No such recommendation is  given in the US 

Lability  expresses the res of the method operating over a short time interval 
the same peatability is also termed intra-assay precision. 

~ccording to the Guidance, repeatability is evaluated for injector 
performance and analysis of s a m ~ l  injector repeatability9 there must be a 
minimum of 10 injections  with an f not more than &l%. Similarly, with 
the methods for release and stabili of not more than f 1% for 
at least five' ' ' the active drug is  desirable. For low-level impurities, higher 

e acceptable. For analysis re~eatability9 determinations are 
rements of a sample by the same analyst under the same 

analytical conditions. The F A recommends that the study be combined  with 

recommends that repeatability should  be  determined from a mini- 
mum  of  nine determinations covering the specified range for the procedure (e.g., 
three levels, three replicates  each), o m a minimum of  six determinations at 100% 
of the test or target concentration. target concentration is defined as the con- 
centration of the compound of interest given  in the analytical method. 

.2. Intermediate  Precision 

~ntermediate precision  expresses within-laboratory variations. This  was  previously 
evaluated as  part of ruggedness,  This attribute evaluates the reliability of the method 
in an environment different from that used during the method development  phase. 

on time and resources, the method c evaluated on different days, 
nt analysts and equipment, etc. The F commends performing accu- 

racy on two separate occasions to indicate the ediate precision of the test 
method. The IC recommends  using an experimental design (matrix) so that 
the effects, if any, of the individual variables on the analytical procedure can be 
monitored. 

eproducibility is  assessed by performing collaborative studies  between 
boratories are desirable, if possible.  According to the 
, reproducibility is not required if intermediate precision 

recommends that reproducibility studies be performed for 
standardization of an analy a1 procedure, for instance, for inclusion of procedures 
to pharmacopoeias. The I also recommends that docu~ents  in supp each 
type of precision should lude the standard deviation ( S ) ,  the % , the 
coefficient  of variation, and the confidence interval. 

he terms specificity and selectivity are often used interchangeably. 
selectivity  has  been  used  in General Chapter 1225> of the 1990 edition of the 



USP (44), whereas  in the 1995 edition the term specificity has replaced  selectivity. 
pecificity  is  generally  used to express a method’s  response for a single analyte, 

whereas the term selectivity of a method is a measure of the extent to which the 
method can determine a particular ound in the analyzed matrices without inter- 
ference from matrix components. ver, as both the US and the ICH currently 
use the term specificity, it will a1 sed  here to avoid 

defines  specificity as the ability to measure accurately and specifically 
interest in the presence  of other components in the sample matrix. 

These components may  include other active ingredients, excipients, impurities, 
and degradation products. According to the ICH, the validation procedure should 
be able to demonstrate the ability of the method to assess  unequivocally the analyte 
in the presence  of impurities, matrix components, and degradation products. Lack 
of  specificity  of an individual procedure may be compensated by other supporting 
procedure(s)  such as TLC. 

Specificity has been  divided into two separate categories by ICH: 
A. IDENTIFICATION. Specificity  is demonstrated by the ability to discrimi- 

nate between compounds of  closely related structures, which are likely to be 
present. The other approach is by comparison of results to a known  reference 
material. 

can be demonstrated by the resolution o he  two components which elute closest 
to each other. Chromatograms obtained should be appropriately labeled to show 
individual components. For nonspecific  assays, overall specificity  may  be demon- 
strated by  use  of other supporting analytical procedures. For example,  where a 
titration is adopted to assay the drug substance for release, the combination of 

a suitable test for impurities can be used. 
bas also addressed  issues of  specificity for impurities. The approach is 

similar for both assay and impurities. If impurities are available, then it must be 
demonstrated that the assay  is  unaffected by the presence of spiked materials such 
as impurities and/or excipients. For the impurity test, the discrimination may  be 
shown by spiking drug substance or drug product with appropriate levels  of 
impurities and demonstrating the separation of these impurities individually and/or 
from other components in the sample matrix. 

If the i~purities or degradation product standards are not available, then 
specificity  may  be demonstrated by comparison of the test results to a second 
well-characterized pharmacopoeial or independent validated procedure. For the 
assay, the two  results are compared. For the impurity tests, the impurity profiles 
are compared head to head. 

For stability-indicating assays  where  potency and impurities are determined 
simultaneously  mass  balance  must be taken into consideration. Any  decrease in 
potency  should be explained by mass balance. The following equation can be  used 
to account for any  loss of potency: 

B. ASSAY AND I ~ P ~ ~ I T Y  TEST(S). or assay and impurity tests, specificity 

elated substances% + Water% + ROI% + 
eviewer Guidance, specificity/selectivity  is established by showing that 

the analyte should  have no interference from extraneous components and be  well 
resolved from them. A representative chromatogram showing resolution of these 



3 

extraneous peaks from the main analyte peak  is required for submission. The ori 
of extraneous peaks in drug substance are process impurities (which  include is0 

urities) from the synthesis  process, residual solvents, and other extraneous com- 
ents from extracts of natural origins. For the drug product, sources of extraneous 

peaks  include  any impurities, degradation products, interaction of the active dru 
with  excipients, residual solvents from both the active drug substance and the 
excipient, and so on. 

fined s ecificity as d' 

dies in the presence or 
exci  ients. A uestion that arises if nothing (Le", no e ~ t r a n e o ~ s  peaks)  is  observed 

one  might  use to show the specificity and stability-indicatin~ 

recommend  forced degradation/ or stress test in^ of 
the drug su~stance and drug product. For these studies, aci 
temperatur~~ photolysis, and oxidation are recommended. 

A guidelines  specify  how to perform these  forced de~radation studies. 
Experi~ental conditions and the design of these studies have  been  left to the dis- 
cretion of pharmaceutical companies. A generic protocol for these  studies  is  shown 
in Table 2. 

'0 de~onstrate that the analyte chromatographic peak obtained after forced 
degradation or stress studies  is a single entity, peak purity tests are recommended 
by the FDA and the ICH. ~hotodiode array detection can be  used to demonstrate 
peak  purity. The spectra collected across a peak are compared mathe~atica~1y 
to establish peak  homogeneity. 

It is  generally  recommended that  about 20-30% of analyte degradation, at 
least, in one  medium  be  achieved. For some compounds, severe de~radation con- 
ditions may  be re~uired. 

The detection limit (DL) is the lowest concentration of the analyte that 
detected, but not necessarily ~uantitated, under the stated experimental con 
It is a parameter of limit test and specifies  whether or not an analyte i 
or below a certain value. In the current U 
nation of  limit of detection is  described 
methods. For instrumental methods, one dete 
comparing test results from samples  with  known concentration of analyte with those 
of blank  samples and establishes the lowest concentration at which analy 
reliably detected. A signal-to-noise ratio of 2 : 1 or 3 : 1 is required. 
approach is to calculate the standard deviation for analysis of a n 
samples. The standard deviation m~ltiplied by a factor, usually 2 or 
mate of limit of detection. 

with  known concentrations of analyte. The m i n i ~ u m  concentra 
analyte can be reliably  detected  is the limit of detection. The IC 

For noninstrumental methods, DL is determined by the analysis of 



ut also lists several other approaches for 
on  heth her the procedure is instrumental or 

luation may  be  used both for 
ods. It requires analysis of  samples  with con- 

RESPONSE AND 
ted based on the standard deviation ( 

) of the calibration curve (a  specific  curve shoul 
containing analyte in the range of detection limit), 

determine the detection li 
a suitable number of  samples should be  analyzed 
is of the opinion that expression 

of 2 or 3 is not very practical 
noise  level  on a detector du 
are analyzed on different de 

ber or manufacturer. 

est concentration of analyte in a sample that can be 
y under the stated experimental 
the quantitative assays for low 

sample matrices such as impurities in bulk drug 
roducts in finished products. 

e measurements are also reported. 
.e., instrumental or noninstrumental. 

S a signal-to-noise ratio of 10 : 1 is  used to deter- 

r better precision, a ~ g h e r  concentration must 
omise  is  dependent  on the analytical method 

ized  using a signal-to-noise 
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Effect of peak  shape on LO 

be based  on the standard deviation of the response and the slo e. The  formula  is 

= l o x  

and re~uirements for 
17.5, as well as comm 

nce reco~mends that  data  for analysis 
at the ~uantitation limit be generated. 

he  use  of an additional reference standard 
corporated in the test method. 

the ~etection and ~ u a n t i  
affected  by chromatograph 

the effects  of  peak shape and  efficiency on the signal-to-noise r 
* yield a higher signal-to-noise ratio, thus lowering  both the 

refore for the c~romatographic  deter~ination of  these p 
of the detector lamp need to be considered. 
romatographic detector to maintain optimal 

nfused  with sensitivity. 
ch  does not usual1 

he linearity of an analytical procedure is its ability to  obtain test results that  are 
oportional to the conce~tration of analyte in the sample within a given 
arity is  generally reported as the variance of the slope of the re~ression 



line calculated according to  an established mathematical relationship 
ained by the analysis of sampl ith varying concentrations 

' S  law  is  dependent on the 

irections on the determination of 
, there are no concentration levels 
pted an  approach similar to  that 

for the determination of linearity and  data 
hod  is  recommended for evaluation of the r 

e correlation coefficient, y-intercept, slope of 
residual sum of squares should be reported. For linearit 
five concentrations is  recommended,  According to the F 
the linearity range depends on the intended use  of the test 
linearity should be performed  between 80% and 120%  of target concentra 
linearity range for the assay /impurities combination  method  based  on are 
(for impurities) should be greater than 20% of the tar 
the limit of quantitation of drug substance or impu 
lation (r2) value, an interce and a slope should be r 

he range of an analytical method  is the interval between the upper and lower con- 
centration levels of analyte (includin~ these concentrations) for which the method 
as written has been  shown to be  precise, accurate, and linear. 

e same units as test results obtained by the analyt 
neral Chapter < 1225>, the range of method is 

that acceptable precision and accuracy is obtained by the analytical method  when 
actual analysis of  samples containing analyte is performed throughout the intervals 

oach similar to the U for validation of range. 
on the intended use the method, as follows, 

1, 

2. 
3. 

5. 

6. 

ubstance or drug product, the minimum  specified 
of the target concentration. 

or content uniformity test the minimum range is 70% to 130%. 
or the determination of the minimum range is from the 

reporting level  of an impur % of the specification. 
or a combination assay procedure for both active  and impurity, where a 

100% standard is used, linearity should cover the range from reporting 
level to 120% of the assay s 

range of the test. is, in the case  of an extend 
solution test with alue of 20% after 1 hour, U 
the range for validation will  be 0 to 110%  of the label claim. 

or dissolution testin the recommended range is f20% over t 

urities, the range should be commensurate 
reco~mendations for range are  as discussed 
racy sections. These ranges can also be 

applied to other substances such as preservatives. 



gedness Test ing-Ty~ica~ 

Factor  Low value igh value 

3.0 4.0 
35°C 40" C 

3 cm 5 cm 
1 .O mLJmin 1.5 mL/mirr 



uggedness  Testing-Typical HPLC  conditions 

Excel c E F G I 

l unlfactor c E F G Result 

2 
3 
4 
5 
6 
7 
8 
9 
10 

l 
2 
3 
4 
5 
6 
7 
8 

Effect 

-1 
3-1 
-1 
-1 
+l 
+l 
+l 
-1 

0.575 

+l +l +l -1 
-1 +l +l +l 

+l -1 +l +l 
-1 +l -1 4.1 
-1 -1 +l -1 
3-1 -1 -1 +l 
+l +I -1 -1 
-1 -1 -1 -1 

-0.575  1.025  1.675  0.825 

-1 
-1 
+l 
+l 
+l 
-1 
+l 
-1 

-0.025 

+l 
-1 
-1 
+l 
+l 

"1 
-1 
-1 

0.675 

99,8% 
101.1 

99.5 
99.9 
98.5 
98.0 
97.0 

Excel A c E F I 

1 Runlfactor A C D E F G esult 

2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 

Effect 

3  40 
4 35 
3 40 
3  35 
4 35 
4 40 

40 
3 35 

0.575a  -0.575 

55/45 
45/55 
55/45 
45 I55 
45/55 
55145 
45/55 
1.025 

0.1 3 3 
0.1 5 3 
0.1 5 5 
0.05 5 5 
0.1 3 5 

0.05 5 3 
0.05 3 5 
0.05 3 3 
1.675 0.825 -0.025 

1.5 
1 .o 
1 .o 
1.5 
l  .5 
1.5 
1.0 
1 .o 

0.675 

99.8% 
101.1 
98.9 
99.5 
99.9 
98.5 
98.0 
97.0 

Content of  cell = SUM P 0 ~ ~ C T ( ~ 2 : ~ g 7 $ 1 2 : I 9 ) / 4 .  This  takes the difference  between  the  average test 
results for the "+" runs  and  the average test results for  the " - " runs.  Conclusion:  Eight  experiments 
performed compared  to 56 individual experiments.  The cell with the '21ighest'~  effect  value  indicates 
the most variable  factor. In this example, it is Factor D, the buffer concentration7 followed by Factor 
C,  the mobile  phase composition. 

" .. ~ 

sults obtained are d the effect calc~lated. 
indicate that factor 
rol its variabilit . 

uated. This  is  considered critical as 



pletely tested. Therefore monitoring of sample or standard stability will ensure that 
there is no degradation occurring due to hydrolysis, photolysis, or adhesion to glass- 
ware  over the course of the run period. The r e c o ~ e n d s  that  data  to support 
the stability of sample or  standard solution under normal laboratory conditions 
for a minimum period of 24 hours should be generated. 

begin  with a well-behaved 
chromatograp~ic system. The system suitability specificat S and tests are par- 

provide assistance in achieving this purpose. cording to the IC 
, system suitability testing  is an integral part romatographic pro- 
se tests are used to determine that the resolution 

of the system are adequate for the analysis to the performed. 
tests is that the equipment, electronics, analytical operations, 
a~alyzed constitute an integral system that can be evaluated 
suitability test parameters to be established for particular procedure depend 
on the type of procedure being validated. In US 23 General Chapter 4621 >, 
Chromatography, a section has been  devoted to stem suitability requirements. 
It is important to know what are regulatory r irements for system suitability tests 
and specifications for method validation. stated earlier, system suitability 
involves  checking a system to ensure it is p ming adequately before or during 
the analysis of unknowns. To establish these  required parameters [i.e., plate count, 
tailing factor, resolution (if by-products or impurity standards are available; other- 
wise a chromatogram from forced degradation studies  may be  used)], the repro- 

) of five or six  replicates is calculated and compared to 
fication  limits.  System suitability tests are performed prior to 

analysis of actual samples.  These parameters are studied by analysis of a system 
suita~ility sample that is a mixture of main active drug and expected by-product 
or a known impurity. Table 11 summarizes the parameters to be measured and their 
recommended regulatory limits for the system suitability tests and S 

efinition of terms for system suitability parameters is  show 

System Suitability Para~eters and 

Parameter R e c o ~ ~ e n d a t i o ~  

Capacity factor (k') The peak should be  well resolved from other peaks 
and the void volume,  generally k' > 2.0. 

epeatability SI3 5 1% for N >  5 is desirable, 
elative retention ot essential so long as the resolution is stated. 

eluting potential interferent (impurity, excipient, 
degradation product, internal standard, etc.). 

Resolution (Rs) R, of >2 between  the peak of interest and the closest 

Tailing factor (7') Tof 5 2 .  
Theoretical plates (N) In general should be >2000. 

Source: Ref. 37 and 39. 
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Definition of terms for system suitability parameters. (From Ref. 40.) 

For accuracy and precision of analysis,  all  system suitability parameters play a 
fore, a critical evaluation of these parameters and their effect 
c separation are required. A s  an esample, the effects of peak 

tailing and different resolution values on quantitation are depicted in Figs. 6, 7, 

esolution is a measure of how  well peaks are separated from each 0th 
quantitation, well-resolved  peaks are essential. This parameter is  very  useful 

in determining if peaks can interfere in individual quantitation. A s  shown in 
with a small resolution, accuracy of analysis  will  decrease. 

Tailing peaks affect quantitation. With an increase  in  peak tailing the accuracy 
of quantitation decreases due to improper peak integration (the area under the peak 
will not be accurate). The effect of peak tailing is  shown in Figs. 7 and 8. 



eparation of peaks as indicated by 

HPLC peak with various tailing factors. (From 

rocess  does not end after ex erimental evaluation of the a n ~ l y t i c ~ l  
must be evaluated to deter ine  whether validation was su~cessful 

oes  all the data generated meet the specified 
s~~sections,  steps required to finalize the va 



tailing on ~uantitation. (From Ref. 4.0.) 

work and documentation of the 
rtant  that all data be carefully  rev 
rocess will ensure that  data genera 

eets  all the requirements. 
is  completed can the next  phase of the validation process be implemented. 

t is a regulatory requirement and needs to b 
idation report should be written by the m 

r the report should be agreed upon at the onset of 
port must  describe all the experime~ta 
tector type, columns, information 
position of placebo for accuracy 
uld be labeled properly. For forced d e ~ r a ~ a t i o n  

studies, conditions used and how this was  performed  must be explained. 



or each step of the validation analytical parameters, acceptance criteria to deter- 
mine  success or failure of validation, are 
be based on the intended u regulatory implications should 
be taken into consideration. t is imperative that r 

rsonnel  with bac~grounds in method development be in 
S should be evaluated against these  acceptance criteria. 
ty parameters should also accompany  acceptance criter 

criteria for each validation parameter have  been  discussed  in  Sec. 17. 

n e r ~ t i o n  of the Test 

eneration of the test method is the responsibility of the method's  development 
he  test method must  include a detailed written procedure. For example, 

hic procedure, preparation of mobile  phase,  column  type,  detec- 
length, injection  volume, flow rate, r~ference standard 
eparation of standard and sample solutions, reagent 
standard and sample solution§ should be documented. 
to  ~uantitate the main analyte and im  ities simultaneously, 
n times for impurities should be  given 
a precautionary note is  required in th 

it should be reflected in the test  method  whether ambient or 
is required. 

e time during the lifetime of the metho one reason or another, 
tion of the method may  become  necessar 

ing  bulk drug active, manufacturing batc 
es  such as dilutio~s or sample prep 

m~thod change  versus an adjustment has been t 

his distinction is critical, as a process cha 

romatograp~ic changes do not require rev 
under the following  categories: 

oactive ap~roaches may be used. 

y agencies and industry (36,38,47). 

whereas an adjustment does not. 

~ueous buffer 

alytes without ionizable groups: &l unit 
with  basic or acidic groups and the buffe 

with  basic or acidic groups and the buffer 
f l unit 

n each  case a reference standard must  be  used to demonstrate that there is 
ement in chromatography due to p 

allowed if standards are not available for all analytes of interest 



~ o l u m n  dimensions 
1.  Length: f70% 

maintained. 
nner diameter: f25%, provided a constant linear flow  velocity  is 

n addition, flow rate changes up to f50% have  been propo 
nges for mobile  phase  solvent ratios is  underway. It is 

method adjustment within  these  limits  will not require additional validation. 
roactive revalidation takes into consideration the availability of  new technology 

or perhaps the automation of previously  complex or time-consuming manual pro- 
cedures. In such  cases, revalidation may be ,more comprehensive,  depending on 
the scope of the project. 

thod transfer is dependent on the intended use  of a validated method. 
ratories such as quality control or stability group are going to use  this v 

method, then a proper method transfer will  be required. Under ideal conditio~s all 
laboratories involved should use an interactive approach to achieve 
development, optimi~ation, and validation goals in an efficient manner 
end  user has been  involved in the development and validation process from the onset 
of this  process as a participant or an server, then it is  convenient to place this 
method on line  in a timely manner. herwise, reasonable time and effort will 
be required for the transfer process to be completed in a timely manner. ~alidation 
of a method demonstrates suitability of the method, whereas the method’s  evalu- 
ation and validity  is approved by the end  user. 

The first step in a method transfer is to design a protocol, which  is a document 
consisting of elements as outlined in the validation protocol, and other additional 
elements  such as acceptance criteria, report format, and approval signatures of both 
the originating and the receiving laboratories. In addition, a detailed test procedure, 
design of experiments,  sampling plan, analyst and equipment, interday and intraday 
ruggedness, and method transfer report form should also be included for method 
transfer studies. 

Studies required for method transfer include  system suitability, linearity, pre- 
cision (day-to-day, within-day, analyst-to-analyst, analysis of multiple lots), collab- 
oration of laboratories, developer  user  agreement on split  sample results, and 
use  of appropriate statistical standards, e.g., F-Test and t-Test, for evaluation of 
the method transfer process. The receiving laboratory should allocate enough time 
for the transfer, participate in interlaboratory studies, anticipate problems, and have 
a checklist  ready of questions for the originating laboratory. For  a successful  me 
transfer, it is important to compare equipment or instrumentation in 
laboratories. For example, for a chromatographic method, the age of the detector, 
the column, and the internal diameter of connecting tubing will  play  significant  roles 
in the generation of comparable chromatograms. 

Finally, where  is method transfer required? In general, method transfer will  be 
required for a new laboratory,  a new method, new personnel,  significant  changes  in a 
method, from company to a contract laboratory and from research and development 
group to quality control laboratory and stability group. 



tion in detail is  beyond the scope of this work, as this has 
owever, important steps required for cleaning 

rs are encouraged to research  relevant 
sch has published an excellent  review 

8). Cleaning  valid atory re uirement. 
a document titled 
this subject for field S c o ~ o n  industry 

ctice to use the same equipment for production of a va~iety of products. 
has  placed an increased  emphasis on the cleanliness of the equipment 

e risk of cross-contaminatio~ and adulteration of drug 

Several analytical methods have  been  used by the pha~aceutical  industry to 
demonstrate the cleanliness of process equipment surfaces. For low-level  residues 
in rinse  samples, the electronic conductivity techniqu used. This techni~ue 
is applicable to samples S as detergents and clea  gents, which. contain 
one or more ionic  species.  wever, this technique i ecific and cannot be 

ed to neutral or highly polar compounds. Also, the S speci~ed a require- 
that a correlation must be established between measurable conductance and 

conce~tration around the cleaning limit, which  is a time-con sum in^ process and 
sible for all analytes in a given formulation. 
e spectrophotometry is another approach used for the detection of 

residue  in  rinse  samples.  This  technique  is  sensitive but is dep~ndent on the presence 
of a strong chrom ore in the analyte for trace level determination. 
nonselective  tech and not discriminating if more than one U 
are present in same  sample. 

otal organic carbon (TOC) has gained  wide  acceptance for cleaning 
tions (33,48). This  technique  is  highly  sensitive and 
bearing analytes. TOC may  be  used in tandem alon 

erhaps titrimetry to demonstrate the absence of b 
S used for cleaning. TOC is  only applicable to aqueous samples, and extra 
required during sample acquisition and  reparation to avoid bias in results 

liquid chro LC) has successfully  been 
due samples. ve for many phar~aceutical 

actives, and the necessary  specificity by this technique. For this 
technique, there are a variety of detection modes,  such as spectrophotometric, 
electrochemical,  fluorescence, and refractive  index, to handle the diversity of phar- 
maceutical c~mpounds. 

e the validation process  begins, the appropriate  rede et ermined level of 
, i.e., at or below the limit at which equipment is  considered clean, 

t used for the cleaning of equipment, and the ty e of swabs to be 
chosen in consultation with the manufacturin is critical 

t agreed upon is practical and routinely ach~evab~e propriate 
cleaning  assay method is  followed. ~dditionally, an acceptance  limit that assures 

due to carbon contamination. 



anufactured on the same  piece of equipment is not 
nated to the extent that its fitness for use  is  compromised, 

etermination of cleaning  residues by HPLC, an appro- 
e must be developed  using available met~odology and 

ia. For validation, a written protocol will 

he met~od should be sensitive enough to detect the analyte of interest at levels 
he  following  studies are suggested for 

onse for a wide range depending upon cleaning limit. 
e cleaning  limit to 10 times  this concentration. 

ificit or selectivity to ent false  passing or failing  results. 
e correct results. 

Lability before and after extraction from swab or in rinse  samples. 
solvent  used  in the final  rinse should be compatible with the assay 

on and ~uantitation. 

* considered a limit test, validation requirements 
C method used for bulk drug active, ~nished pro- 

d surface recovery approaches should be utilized and 
, an appropriate number of swabs  (minimum three) 
analyte in  rinse solution equivalent to the amount 

should theoretically be removed from a known surface area. 
lyte is allowed to dried on the swab  followed by extraction in 

ecovery  studies should be performed 
it level, 50% of limit  level, and 100%  of limit 
alculated by using an external standard prepared 
ercent recovery obtained should not be  less than 

stainless steel or inert glass plates are used. 
nown amount of analyte by uniformly spreading anal- 

n surface area. The plate is  ied  under ambient 
epend on the solvent  used.  owever, overnight 
te residue  is then swabbed  using a premoistened 

be done by horizontal, vertical, and zig- 
zag motion of the swab. For ies more than one  swab  may be required 
for removing analyte from the plate surface. The swabs are then placed in a 50 mL 
tube and extracted the extracting solvent  specified  in the method 
calculations are don inst an external standard prepared at limit  level. 

it level, 50% of limit  level, and 100% of limit 
ointed out that in the S recovery approach, recovery  values obtained are 

n recovery  value  is attributed to analyte solubility, 
reactivity of surface with analyte, and swabbing 

S encountered in swabbing surfaces are detrimental 
and result in  loss of the active. 



23 General Chapter <1225> designates dissolution testing under Category 
The validation pa ters recommended in the Compendia are prec 
ruggedness studies. r studies are left to the discretion of the end user. 
mon industry practice to verify a USP dissolution method by performing studies 
such as linearity of standard solutions, placebo interference, capsule  shell inter- 
ference  (if a capsule) and reproduci~ility of response at specified  times(s) for release. 
However, for an in-house  developed dissolution method, proper validation studies 
are required. These  studies  would  include  specificity  (interference from placebo), 
precision, linearity, system suitability? filter adsorption, and sample and standard 
stability. For automated dissolution systems, in addition to filter adsorption, there 
should be  evidence  of nonadsorption to active tubing used for delivery throughout 
the system and carryover effects. 

It is  difficult to perform recovery  studies for dissolution, as spiking of placebo 
in vessels  is not practical. Placebo excipients  have a tendency to float on top of 
the dissolution medium. In addition, it is  difficult to make single tablets unless a 
hand-held ress  is  used. Hand filled  capsules  lack uniformity, and the procedure 

another approach, place along with label claim amount of active 
900 mL  volumetric  flask he flask  is  filled to volume  with dissolution 

medium and a magnetic stir bar is  used to stir this mixture on a magnetic plate for the 
specified  time period. Calculations of recovery are done against an external standard 
prepared in the dissolution medium.  Acceptance criteria for precision,  specificity, 
system suitability, and linearity are similar to assay validation. 

es available for the validation of the 
aratively little information is available on 

validation of nonchromatographic methods. In general, it is  assumed that US 
era1 Chapter 1225> on analytical validation is  only applicable to chromatographic 
methods. This assumption is incorrect, as USP General Chapter .=1225>  does not 
state that the validation parameters given in this chapter cannot be used for 
nonchromatographic techniques. By careful selection of parameters, a va 
protocol can be designed for validation of nonchromatographic methods. 
has discussed validation issues and data elements required for validation of 
nonchromatographic methods (49). 

19.3.1. UV ~ p ~ c t r o p ~ o t o m e t r y  

For UV spectrophotometric methods for assay, one  needs to study parameters such 
as precision, accuracy, specificity, and linearity (49). For precision, a sufficient 
number of individual sample preparations should be  assayed to permit the 
calculation of a statistically valid relative standard deviation. Accuracy can be deter- 
mined by spiking a mixture of excipients  (placebo)  with  known amounts of drug 
active at different concentration levels.  Spike  levels are, in general, similar to 
the linearity range. Spiked  samples are prepared by  following the “sample 
preparation” procedure and assayed against an external standard at the target level 
concentration. The accuracy  is calculated from the test results as the percentage 



of analyte recovery by the assay. or specificity studies, intrinsic differences in 
chemical or physical properties are used to ensure accurate determination of analyte 
even  in  complex  sample mixtures. 

The purpose of a specificity study is to demonstrate that the method will  yield 
reliable results even  in the presence of interfering species.  One approach to determine 
any  possible  bias  in an assay  is by comparison of results of assay  value obtained in 
the presence of placebo  excipients to assay  value without placebo  excipients. 
bias is evaluated by calculating the percentage  agreement  between  these  two results 
by the formula (49) 

TP 
TA ercent agreement = - x l00 

= test results in the presence of placebo and TA = test results in the absence 
of placebo. A 100% agreement  with  show the absence of bias due to placebo or the 
potential interfering species.  Agreement  values > 100% indicate positive  bias,  while 
agreement  values 100% indicate negative bias in the assay procedure. 

If standards for impurities or degradation products are not available, then the 
specificity can be determined by analyzing the samples containing the impurities 
or degradation products (from  bulk drug) and comparing the results with those 
obtained by another independent and validated assay procedure. 
assay  is  considered as the reference  assay, and the degree of agreem 
two  test results will dictate the specificity for the intended method. ~alculations are 
similar to  that described above. percent  agreement of  100%  will  be required 
for the absence of any bias in th tended method. 

Linearity should be performed at least for five  levels, including target level as 
100%. Other concentrations be 50%, 75%, 125%, and 150%. It is important 
that linearity responses  obey law, Statistical evaluation of linearity is  similar 
to  that (as esplained under linearity studies) for the chromatographic method 
validation. 

19.3.2. Atomic  A~sorption  Spectroscopy 

Atomic absorption is  used to determine heavy  metals  present in the drug substance. 
eavy metals fall int the category of a limit test. Therefore rigorous validation 
ay not be required. owever, as these metals are present at trace levels, determi- 

nation of limits for tection and quantitation is of significant importance for 
the validation of atomic absorption methods. Other validation parameters such 
as linearity, precision,  specificity, and accuracy  may  be performed as described  under 
Sec.  19.3.1. 

The limits of detection and quantitation are determined by analyzing a number 
of samples prepared at low  levels  such as 2 ppm, 5 ppm, and 10 ppm. For e 
centration level,  multiple  analysis  is performed and standard deviation 

ndard deviations are then averaged to calculate 
To obtain an estimate of the noise  level, the M 

by the slope of the calibration curve. For the detection limit the noise  level obtained 
is  multiplied by a factor of 3, whereas for the quantitation limit, a factor of 10 
is  used. 



19.3.3. Infrared ~ ~ e c t r o s c o ~ y  (IR) 

nfrared is  used for identification of compounds. Currently in US 
ographs describing the use of for quantitation of analytes. 
quantitation is  used for the anal of simethicon  bulk drug active, 
ensions, and capsules. As such, validation parameters required may 

be limited to interference studies. This  interference  may be due to the compound 
or example, in an infrared spectrophotometric i~entification test, 

sm may produce interference. Therefore9 for compounds that exhibit 
, it is critical that test samples and the reference standard have  similar 

rm. It then becomes  obvious that for the infrared ide~tification test, one 
nstrate  that the method is  insensitive to any polymorphic form of the 

material, or that the polymorphic effects  have  been taken into account. It is 
out that unlike the chromatographic procedure, there are no official  guidelin 
able on the validation of an infrared technique at present. An article by Ciurczak, 

overview  of this subject (50). 
harmaceutical ~nalyses,” 

several monographs that stipulate using titrimetry for release of bulk 
se procedures are nonspecific and may not ive accurate results in 

the presence of reactive impurities or degradation products. 
validation of these  procedures an innovative approach will  be re 
arneters to validate a titrimetric method include linearity, 
determination9 and insensitivity of the method to the amount of indicator used. 

For linearity studies, different weights  of the compound should be titrated, and 
the actual and theoretical results  should  agree. ~lternatively, the titration could  be 
done using a narrow range of compound weight, and then it should  be stated in 
the method that the weight of the sample  must be within this range. 
should be studied by showing that the volumes of titrant for repli 
are very  close to each other. In other words,  small  ifferences  in  volume of titrant 
required to reach an end or equivalence point does not introduce any signi~cant 
error  into the results. 

S stated earlier, titrimetric procedures are nonspecific and cannot be  used for 
simultaneous assay of active and impurities. In this case, impurities shoul 
monitored by another independent validated procedure. For bulk  active assay, 
comparison of results obtained by an alternate validated method and those 
obtained by the titrimetric procedure will demonstrate the validity of the titrimetric 
method. 

he  accuracies of chromatographic methods rely  heavily on the 
Therefore a well characterized and highly pure stan 
recognizes  two categories of reference standards, i. 

noncompendial. The USP is the source of  compendia1 standards 
are well characterized, no further characterization is required. ~oncompendial stan- 
dards  are also of high purity and can be obtained by reasonable effort and should be 



thoroughly characterized to ascertain their identity, strength, quality, and purity. 
esting requirements for the reference standards are more 

to bulk drug substance. The purity correction factors for non 
be included in any method calculations. 

antitation of actives in chroma 

1. The sample and the standard should be repared in the mobile phas 
ssible,  then the level  of organic solvent  used in the 
e and the standard must be lower than  that pr 

mobile phase. 
. The sample and standard concentrations should be close to each other. 

. Filtration removes particulate matter that may  clog the column, 
3. preparations often require filtration prior to injection onto the 

wever, analyte adsorption on the filter 
tant for low-level impurities 

conclusion, method validation is a dynamic process and should not be con- 
a one-time situation. The design and validation of the method s~ould  be 

that they ensure its ruggedness or robustness throughout the life of the 
accuracy of the data is  affected by variations in the manufacturing 

preparation of samples in the laboratory, and the instrument 
a well-designed validation and tight chromatographic system 
the reliability of the data can be significantly  improved. ~ariations, except from 
the drug product manufacturing process, can and should be  minimize 
reliable validated methods will generate data  that is trustwQrthy. 
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