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Internal Standard
Calibration Problems

have recently had several email

inquiries from readers regarding

calibration issues for liquid chro-
matography (LC) methods. I try to
reply directly to the queries as quickly
as possible so that the readers send-
ing the questions can get back up and
running, and I collect the questions
until there are enough on a particular
topic to share in LCGC. Last month
(1) we looked at one of these inqui-
ries in a case study format. For this
month’s “LC Troubleshooting” dis-
cussion, I will look at two additional
questions that center on issues relat-
ing to calibration using the internal
standard technique.

Over-Curve Samples with
Internal Standardization

The first question comes from a
reader who finds that occasional
samples occur at concentrations that
exceed the range of the calibration
curve. The question regards how to
dilute the samples so that they can
be analyzed at concentrations within
the calibration range. The problem
is complicated by the fact that the
method uses the internal standard
method for calibration.

External Versus

Internal Standardization

Before we get into the problem itself,
let’s review the difference between
external standardization and internal
standardization. With external stan-
dardization, calibration samples (cali-
brators) are made at concentrations
covering the desired calibration range,
such as 1, 2, 5, 10, 20, 50, 100, 500,
and 1000 ng/mL. A fixed volume (for
example, 10 pL) is injected for each

sample and the response (usually peak
area) is recorded. For calibration, a
plot of X = concentration versus ¥ =
area is made, and the equation for
the regression line is used to deter-
mine the concentration of unknown
samples. The same volume of the
unknown sample is injected, and the
area response is used to determine the
concentration of the injected sample.
Corrections are then made for any
concentration changes during sample
preparation, and the final sample con-
centration is reported.

Internal standardization follows
a process that is similar to external
standardization, except another com-
pound, the internal standard (IS) is
added at the same concentration in
every sample and calibration standard
early in the sample preparation pro-
cess. For example, a 100-pL aliquot
of sample might be mixed with 10 pL
of IS, then processed. The calibration
curve is constructed as a plot of X =
ratio of the concentration of analyte
to concentration of internal standard
versus Y = ratio of area of analyte
to IS. For application, the ratio of
analyte to IS area is determined for
unknowns and the equation for the
regression line then allows determina-
tion of sample concentration. The IS
method is especially useful when the
sample preparation process has many
steps or it is likely that volumetric
losses might take place. This com-
monly occurs with biological samples,
such as plasma, where sample prepa-
ration may involve several transfer
steps, evaporation to dryness, recon-
stitution in a new solvent, and so
forth. Any physical losses in sample
are compensated for by tracking
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the ratio of the analyte to IS, rather
than the absolute area of the analyte,
because the analyte—IS ratio should
stay the same, even with sample vol-
ume changes.

Over-Curve Samples

Now, what happens if the analyte
concentration is greater than the
upper end of the calibration curve
(we’ll refer to these as “over-curve”
samples)? It is not a good analytical
practice to extrapolate the calibration
curve above the upper end or below
the lower end of the actual calibra-
tor concentrations. This is because

it may not be a valid conclusion that
the analyte response is the same out-
side the test range as inside it. For
example, many detectors will show

a nonlinear drop-off in response at
high concentrations; at low concentra-
tions, nonlinear changes in response
may be seen because of absorptive
losses or other factors. Unfortunately,
such changes in response seldom are
predictable, so the risk of reporting

a faulty analysis result is large if the
concentration lies outside the calibra-
tion range.

For external standardization, the
solution to over-curve samples is
quite simple—just dilute the sample
until its concentration is within the
calibration range. For example, let’s
consider a calibration curve that cov-
ers 1-1000 ng/mL, as in the example
above, and a sample that is estimated
to contain ~1500 ng/mL based on an
extrapolated curve. We could dilute
this sample by a factor of two with
injection solvent and reinject the
sample. If it now assays as 725 ng/
mL, we would correct for the dilu-
tion factor and report 1450 ng/mL as
the sample concentration. Of course,
this could not be done without proper
supporting evidence that dilution
was an acceptable solution to such
problems. You could show this dur-
ing the validation process by prepar-
ing test Samples at known over-curve
concentrations, then diluting them
after sample preparation and show-
ing that you obtained the appropriate
results. This information would be
included in the validation report and
the method would be written so that

over-curve samples could be diluted
by twofold (or 10-fold, or whatever
had been demonstrated) to obtain
accurate results.

The internal standard method
doesn’t deal as simply with over-curve
samples. If we use the same example
as for the external standardization
above, the problem is quickly appar-
ent. Diluting the ~1500-ng/mL sam-
ple by a factor of two does not change
the analyte to IS ratio at all! That is,
when the sample is diluted twofold,
both the analyte and IS peaks halve
in size, but the ratio doesn’t change
and therefore the sample would still
be over-curve. This is the reason the
IS was added in the first place—to
compensate for unintended or uncon-
trolled sample loss or dilution—and
now it seems to defeat us. We’ll have
to try a different approach.

One simple way to handle the over-
curve problem with the IS method is to
dilute the sample before adding the IS.
For example, if an over-curve sample
is found or is anticipated, the sample
could be diluted twofold with blank
matrix before adding IS. Alternatively,
twice the concentration of IS could be
added to the undiluted sample. Either
technique would effectively dilute the
analyte-to-IS ratio twofold and bring
it back into the calibration range for
the ~1500-ng/mL example used here.
As with the external standard method,
the effectiveness of sample dilution
would have to be demonstrated as
part of the validation process, and the
analytical method would need to be
written to allow this procedure. For
example, when our laboratory was
analyzing plasma samples using inter-
nal standardization, for validation we
often would prepare plasma spiked at
five and 10 times the concentration of
approximately 80% of the upper point
on the calibration curve. These samples
were frozen to mimic normal sample
handling, then thawed and diluted
five- or 10-fold with blank plasma
and treated as normal samples. If the
diluted samples then gave acceptable
assay results (following correction for
dilution), we had demonstrated that
dilution was a valid way to analyze
such over-curve samples. Our methods
were then written so that any dilution
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up to 10-fold was permissible for over-
curve samples.

Documentation is Vital

Whenever you devise a method for
diluting over-curve samples, whether
external or internal standardization is
used, you need to be careful to docu-
ment it properly. At least three steps
need to be documented:

* Demonstrate that the process
works, using blank matrix spiked
at the appropriate levels. This
should be part of your validation
report.

Include written instructions
on how to deal with over-curve
samples (“say what you're going
to do”).
Record how you followed the
directions when samples were
diluted (“do what you said you
were going to do”).

One last item needs to be docu-
mented, which is how to deal with
multiple analyses of the same sample,

because usually you don’t want to
report a value that is known to be

or could potentially be wrong. The
acceptable procedure is usually
recorded as part of a standard operat-
ing procedure (SOP) or as part of the
method document. For example, if
the initial analysis of the sample gave
over-curve results and the sample was
diluted 10-fold and reanalyzed, the
data table might include two entries.
The one for the initial analysis might
list “o/c” (over-curve) instead of an
assay value and the reanalysis might
include the assayed value with a
footnote that the sample was diluted
before analysis. This documentation
acknowledges that the sample was
analyzed twice and that the over-
curve result should be ignored.

Practical Application

Finally, how would you implement
dilution of IS-calibrated samples on
a practical basis? If you are analyz-
ing random-concentration samples
and the over-curve problem occurs
only occasionally, such as <10% of
the time, it may be most efficient
to analyze all the samples normally.
The over-curve samples could then
be diluted and reanalyzed with the
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"next batch of samples. If, on the other
hand, over-curve samples were com-
mon half the time, for example, it
might be worthwhile to prepare every
sample in the normal manner and
in the diluted form. Your analytical
method would then describe how to
handle the results. For example, if the
normal dilution samples are within
range, their values would be reported
and their diluted versions would be
ignored; the over-curve samples would
instead report the diluted values and
ignore the normal dilution ones. This,
of course, would mean that every
sample would have to be injected
twice, adding time and expense to
the analysis process. Other analytical
strategies may be more appropriate.
Economics, run times, and other fac-
tors will help you decide which tech-
nique is best for your laboratory.

Other alternatives to avoid the
problem of over-curve samples may be
possible. If the detector is sufficiently
sensitive at low concentrations, it may
be better to dilute all samples and, if
necessary, extend the lower end of the
calibration curve so that over-curve
samples are effectively eliminated. Or
if the detector has acceptable response
characteristics above the range of the
calibration curve, extend the calibra-
tion curve to sufficiently high con-
centrations so that over-curve samples
are rarely, if ever, encountered.

Accounting for Dilution

with Internal Standardization
I had a related question from a reader
who is analyzing drugs in urine or
cerebral spinal fluid (CSF) as a matrix
using an internal standardization
scheme. The problem with the target
drugs is that they stick on container
walls, pipette tips, and other surfaces.
To counteract adsorption, surfactants
and other additives are mixed into
study samples, calibration standards,
and control samples. The question is
how to report the concentration of
drug in the original samples.

This problem would be fairly simple
if the same volume of each sample
existed, but I suspect that is not the
case. CSF is probably collected in
a syringe and an arbitrary volume
of urine is obtained, so we cannot

assume a known volume. Because

the sample comes to the laboratory
already in a container, we must assume
that adsorption on the container has
already occurred. This means that we
need to determine the volume of the
original sample, because the adsorptive
loss, and thus the amount of analyte
desorbed with additives, will be related
to the sample volume.

There are at least three ways to
determine the sample volume, and
none is perfect. One could use a gradu-
ated pipette to withdraw all the sample
from the sample tube and measure it in
the pipette. This would work, but the
pipette would then need to be rinsed
with surfactant to release any adsorbed
sample. Another option would be to
pour the sample from the original con-
tainer into a calibrated tube for further
sample pretreatment. This would add
the cost of a calibrated tube to the sam-
ple pretreatment. Still another option
would be to pour the sample into a
tared tube and determine the volume
by weight or pour it into an empty
tube and weigh the original container
to determine the volume

After the sample volume had been
determined, the surfactant-additive
mixture could be added. I would favor
spiking this mixture with the internal
standard, then adding an aliquot in
proportion to the measured sample
volume. The walls of the original con-
tainer (as well as any pipettes or other
surfaces that contacted the sample)
would need to be rinsed with this IS
mixture and then transferred to the
holding tube to remove any adsorbed
analyte from its walls and to mix with
the sample. This step would surely
add uncertainty to the measurements
because of the approximation of the
original volume. With bioanalyrtical
samples such as these, however, the
analysis guidelines from the United
States Food and Drug Administra-
tion (2) allow uncertainty (%RSD)
in precision and accuracy of +15%
at all levels above the lower limit of
quantification (LLOQ) and +20% at
the LLOQ. It is unlikely that these
additional transfer and measurement
steps would degrade the precision and

accuracy beyond the limits if the rest of

the method is performing well. Study
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samples, calibration standards, and
control samples would all have to be
treated in the same manner, and the
IS calibration technique should allow
acceptable quantification of drug con-
centrations. Of course, the success of
this procedure could not be assumed,
but would require validation through
demonstration of acceptable recoveries
from blank matrix spiked with known
concentrations of drug.

Conclusions

Internal standardization is the most
common standardization technique

in some laboratories, such as those
analyzing drugs in biological matrices.
For analyses that require little sample
manipulation, such as simple dissolu-
tion or dilution of samples before injec-
tion, external standardization often is
preferred. Most of us tend to work in a
laboratory where one or the other stan-
dardization technique is used almost
exclusively. If this is your situation, be
especially careful if you switch stan-
dardization techniques, because prac-
tices that aren’t problematic with one
technique may create problems when
the other calibration scheme is used.
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