|

north america

Joan M. Stevens, Ph.D., Alan
Hamstra, Tim Hegeman, and Gary
Scharrer

Applications and Technical Support,
Gilson, Inc., P.O. Box 620027

3000 Parmenter Street

Middleton, WI 53562.

Please direct correspondence to Joan M.

Stevens at jstevens@Gilson.com

Factors and Parameters that
Directly Affect Recovery of Collected
Fractions in Preparative HPLC

Purification of synthetic, natural and biological compounds in any
quantity usually requires the use of preparative HPLC. Collecting
fractions from preparative HPLC is a common approach to achieving the
purified compound(s) of interest. Many factors and parameters (too
many to mention in a single article) directly affect fraction collection
recovery. In this first article of a series we discuss basic fraction
collection parameters, namely, detector settings and collection via peak
level or threshold. This information offers guidelines to all
chromatographers purifying compounds by preparative HPLC and can
be implemented for or with existing systems.

s stated by A. Brand and K.
A Kueppers in a previous LCGC

article, there are “two dynamics
in the pharmaceutical industry that are
fueling the interest in preparative high
performance liquid chromatography
(HPLC). One, the regulatory agencies
requiring more stringent purity require-
ments of products, for example, drug
compounds, and the other the sheer
complexity of developing drug com-
pounds” (1). There are several ways to
purify compounds, including crystalliza-
tion, solid-phase extraction, distillation,
and filtration. At the present time,
preparative HPLC reigns as the most
powerful and versatile tool for purifica-
tion in pharmaceutical industry (2). Para-
meters associated with preparative HPLC
that often are assumed to be correct are
the values defining fraction collection.
Optimization of your preparative HPLC
system to collect fractions with high
purity and acceptable recovery is
extremely important, given the time and
investment often devoted to the synthesis
of a drug product. For instance, in 2003,
69 of 80 human therapeutic proteins on
the market sold at prices over $10,000/g.
Valuable product cannot be lost during
purification. In a perfect world, chro-
matographers would be able to optimize
for each compound purified. However,
this is not the case. Purity and recovery
are used to define the capabilities of a
system to collect fractions. Although each
describes a unique feature of fraction col-
lection, the two concepts are related.

Purity usually is determined by means
other than UV detection (for example,
mass spectrometry, diode-array detection,
and chemiluminescence nitrogen detec-
tion). This allows for the evaluation of
the component that is responsible for the
absorbance peak in the chromatogram.
Determination of whether one com-
pound or more than one compound is
responsible for the peak is what defines
the level of purity.

Recovery is based upon the amount of
product collected. The more nearly pure
the compound, the greater the recovery
— which leads to enhanced synthesis and
assay development. There are many fac-
tors that affect the ability to collect pure
fractions with acceptable recovery, too
many to attempt to cover in one article.
Therefore, we will focus on a few basic
parameters common to all systems,
namely, detector settings, delay volume,
fraction collector valve volume—switch
time, peak level-threshold, slope, and
how these parameters affect the collection
and recovery of fractions.

Detector Settings: Time
Constant

Common detector settings are wave-
length, sensitivity, and time constant.
The setting that we will focus on is the
time constant. Most detectors have a
detector noise filter that smoothes the
data output signal. This can be labeled as
time constant, peak width, or rise time.
Detector smoothing takes time; for opti-
mal preparative fraction collection, one



Table I: Effect detector time constant had on mass recovery

Detector time constant (s)

Yields (% recovery)

sets the time constant to the fastest set-
ting, zero if possible. With fast flow rates
(20-200 mL/min), narrow peaks

(5-60 s), and long time constants, the
sample actually can reach the fraction
collector before the software receives the
signal from the detector. A delay of 2 or
3 s can result in the loss of 50% of the
sample, relative to peak width of 5 s for a
given peak. In fast chromatography with
run times of 3—10 min per sample, as the
value for the detector time constant
increases, mass recovery decreases; see
Table I. Most modern detectors should
have the option to set a time constant at
or near zero to minimize this problem.

Delay Volume

There is a fixed amount of tubing vol-
ume between the detector flow cell and
the fraction collector switch valve
(Figure 1).

It is important to determine delay vol-
ume to optimize the collection of desired
fraction. The following conversion table
can be used to calculate delay volume
(see Table II).

To determine the total delay volume,
all the flow components between the
detector and fraction collection vessel
must be added together. For example, if
an HPLC system had 10 ft of 0.040-in.
i.d. tubing between the detector flow cell
and the fraction collection valve, approxi-
mately 2.5 mL of delay volume would be
attributed to this tubing. When calculat-
ing delay volume, it is important to
remember that normal HPLC specifica-
tions for tubing internal diameters can
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Figure 1: Schematic showing the delay vol-
ume between the fraction collector and
detector.

vary by as much as 10%. This is an
approximation of the volume because, as
mentioned previously, there are other fac-
tors that contribute to the overall delay of
the system and the collection of fractions.

Software processing speed: At a flow
rate of 40 mL/min, it takes a sample
3.6 s to travel through 10 ft of 0.040-in.
diameter tubing. It might take the soft-
ware data controller longer than 2—4 s to
process the following data:

® Js a peak being eluted from the col-

umn?

® Does this peak meet set peak identi-

fication parameters?

® What is the delay from the detector

to the fraction collector?

® Start collection or not?

One must be aware of the software
processing speed in the collection of
preparative fractions.

Collection valve switch time: This is
the time associated with the fraction col-
lection valve switching from waste to col-
lect. The switch time should only be a
few milliseconds. If the switch time is 1 s
or more in length, the time will be too
long and sample will be lost. Consider a
run time of 5 min and flow of 40
mL/min, with peak widths of 5-20 s. If
the switch time was 1 s, more than 10%
of the peak would go to waste before the
valve switches.

The effects of detector time constant,
delay volume, software processing speed,
and collection valve switch time are addi-
tive, compromising recovery. To enhance
recovery, it might be necessary to increase
the length of tubing between the detector

and collection valve, and thereby increase
the delay volume. Increasing the length
of tubing will deter the peak from reach-
ing the collection valve before collection
triggering and increase recovery. An issue
that always arises when one adds addi-
tional tubing to an HPLC system post-
column, is the possibility of peak spread-
ing (broadening). However, at the
increased flow rate associated with
preparative HPLC, the peak spreading
through 10 ft of 0.040-in. i.d. tubing is
negligible. To determine peak spreading,
we placed two detectors in series within
an HPLC system with 10 ft of 0.040-in.
i.d. tubing between them. We injected
the sample and recorded the response
from each detector. The chromatographic
overlay, Figures 2 and 3, show the
amount of peak spreading one could
expect.

The chromatogram in Figure 4 shows
the recoveries that we observed when the
delay volume was not increased to com-
pensate for the aforementioned factors.
Not only are the recoveries extremely low,
but contamination with the adjacent
peak is observed.

When we added 10 ft of tubing to
increase delay volume, recoveries drasti-
cally increased for all the peaks, and con-
tamination of adjacent peaks was negligi-
ble (Figure 5).

The addition of the 10 ft of tubing to
increase the delay volume was necessary
in this example only because a long time
constant was set in the detector. Modern
HPLC detectors should have short time
constants, eliminating the need for addi-
tional tubing to increase delay volume.

Collecting Fractions via Peak
Level or Threshold

Collecting fractions by peak level uses a
percentage of signal (“full scale”) to start
and stop fraction collection. “Full scale”
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Figure 2: Example of the peak spreading in 10 ft of 0.040-in. i.d. tubing at a flow rate of 40
mL/min. Column: 50 mm X 21.2 mm, 5-pwm Metachem Inertsil ODS-2.



refers to the analog range output in milli-
volts and is independent of detector sen-
sitivity setting. For instance, if the detec-
tor sensitivity is 0.05 AUES (absorbance
units full scale) and the full scale analog
output is 100 mV, then 0.05 AUFS

= 100 mV. If the detector sensitivity set-
ting is changed to 1.0 AUES the full
scale analog output is still 100 mV, but
now 1.0 AUES = 100 mV.

For example, if the peak level = 10%
of full scale (100 mV), then peak level =
10 mV; peak-level collections start and
stop when the signal reaches 10 mV

Depending upon the HPLC software,
the start and stop of peak level can be
defined as percent full scale, in millivolts
or absorbance units. Figure 6 depicts the
effect of using peak level for fraction col-
lection.

Because peak level is a percentage of
the full-scale millivolts output, it does
not account for variations in peaks, as
shown in Figure 6. We set the peak level
below the valley of the multiple peak
(Figure 6b), and therefore, collected a
fraction containing both compounds,
not achieving purification. The same
held true for a very broad peak
(Figure 6¢), where a substantial portion
of the peak cannot be collected due to
the shallower rise to reach the preset
peak level. When one chooses peak level
as one’s mode of collection, it is helpful
to know the baseline in millivolts. Then
one can set the peak level above this
value but low enough so that one col-
lects a significant percentage of desired
peak. We represent this concept in Fig-
ure 7 graphically by changing the peak
level value.

Because the first set of peaks (Figure
7a) has a lower peak level value (10% or
10 mV), one also collects a small por-
tion of the minor peaks collected along
with the bulk of the “target” peak. The
second set of peaks (Figure 7b) repre-
sents the outcome if the peak level value
is set too high (50% or 50 mV), not col-
lecting any of the minor peaks, and a
substantially lower amount of the pri-
mary peak.

Figure 8 shows a graphical representa-
tion of increasing the peak level versus
recovery. The scenario is the same as that
discussed previously. As one increases the
peak level, a parameter associated with
the millivolts required to trigger fraction
collection, one collects less of the peak
because collection is activated solely by a
voltage reading. Be aware that a drifting
baseline affects the voltage (baseline does
not equal 0 mV) reading, which can, in
turn, effect fraction collection.
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Figure 3: Close-up view of the peak spreading in 10 ft of 0.040-in. tubing at a flow rate of
40 mL/min.
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Figure 4: Recoveries obtained without 10 ft of tubing to increase delay volume. Tubing i.d.:
0.040 in.; flow rate: 40 mL/min.
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Figure 5: Recoveries obtained after adding 10 ft of tubing to increase delay volume. Tubing
i.d.: 0.040 in.; flow rate: 40 mL/min.

Table 1I: Common conversions used to determine volumes from tubing diameter

Tubing Internal Diameters and Volumes
mL/mm

0.2027

Micrometers mL/in.

0.508 508

Inches Millimeters
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Figure 6: Representation of using peak
level for fraction collection relative to vari-
ous peak shapes.

Collecting Fractions via
Peak Slope
Another mode of fraction collection is
peak slope. Peak slope collection soft-
ware must determine when the baseline
changes enough to satisfy the preset
slope conditions. While monitoring the
baseline for changes, it must determine
which change is the result of detector
baseline noise and which change satisfies
the set slope parameters and begin or
end collection. It must look at the base-
line for a long enough period to distin-
guish baseline noise from actual peaks
and do this fast enough to collect 95%
or greater of the peak. Peak slope deter-
mination incorporates two factors; a
slope or angle setting to determine when
a peak begins and ends and a time value
to compensate for variations in peak
widths. Collection of narrow peaks
requires the software to make a quick
decision on peak begin and peak end
while on the other hand the software can
take longer to make this decision with
broad peaks. Narrow peak widths of
5-20 s require a high processing rate
because decisions need to be made in less
than 1 s to achieve good recovery.
Figure 9a visually represents the dif-
ferences between a narrow peak width
and a broad peak width (0.2-5 min). It
is obvious based upon the widths of the
three peaks that the software would have

Figure 7: Chromatograms showing the
effects of changing the peak level on frac-
tion collection and recovery.

to act very quickly to accurately trigger
collection of fractions with narrow peak
widths. In addition, a peak slope—angle
approaching 90° (shown in Figure 9b),
representing a very quick change, also
requires the software to make a fast deci-
sion for fraction collection. Both of
these values and therefore, the shape of
the peaks need to be considered when
collecting fractions by peak slope.

Conclusion

We have shown in this article that frac-
tion collection from preparative HPLC is
not trivial and care should be taken to set
the parameters correctly. Paying attention
to system parameters effects purity level
and percent recovery of compounds
processed via preparative HPLC. Regard-
less of whether one chooses peak level or
slope to obtain collected fractions, there
are limitations associated with these tech-
niques. However, there is no reason that
one should not achieve high recovery and
purity. The data we have presented offers
insight into the definitions of basic frac-
tion collection parameters and their
effects on recovery and purity. One also
can collect coeluted or overlapping peaks.
However, collection of fractions will not
be pure, requiring additional advanced
collection parameters that will be
addressed in future articles.
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Figure 8: Plot of peak level versus recovery,
which shows the effect of choosing the
incorrect level on fractions collected.
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Figure 9: Visual representation of various
(a) peak widths and (b) slope-angles used to
determine fraction collection parameters via
peak slope.
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